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Employers and the Forty-Hour 
Week.—I. 


It is probable that foundry employers would 
take much the same view of the proposals for a 
forty-hour week as employers, as a whole, in the 
engineering trades, and the views of the latter 
have just been outlined in a pamphlet on the 
realities and problems of unemployment, issued 
hy The Engineering and Allied Employers’ 
National Federation. They are to be congratu- 
lated on having seriously considered the forty- 
hour weeks’ proposal, because there is un- 
doubtedly a large section of public opinion which 
thinks that a highly-mechanised industry is 
capable of turning out more on present working 
hours than is capable of being absorbed, and 
that, consequently, a reduction in working hours 
is the only solution to unemployment. 

Special pains are taken to deal with the in- 
uence of mechanisation on unemployment, since 
the view is held in many quarters that further 
mechanisation must result in further unemploy- 
ment. Statistics are quoted from official sources 
which show that in fifty vears the increase in 
mechanisation has increased employment. — [t 
has, of course, greatly increased the standard 
of living. They take two industries in the years 
1928 and 1933, and show that that section of 
the engineering industry which is most highly 
mechanised, automobile manufacture, has in- 
creased its employment, whereas that which pre- 
sents the smallest scope for mechanisation, 
marine engineering, has slumped badly. Even 
the non-technical critics in the daily Press, how- 
ever, have been keen enough to see the fallacies 
of putting two such industries side by side, both 
of which are in a special position. When the 
motor-car demand is fully saturated, and if 
marine engineering had not been affected by 
world-wide political and economic movements, 
the comparisons would have been fairer. 

The pamphlet is on firmer ground when it 
argues that those who advocate the forty-hour 
week do not want to reduce wages propor- 
tionately. Obviously, if wages are not reduced 
proportionately there is an increased tax on 
industry, although it is undoubted that a large 
number of unemployed would be re-absorbed. 
The proposal would be in effect tantamount to 
shifting the burden of unemployment costs now 
borne by the State on to the shoulders of in- 
dustry. Unless such action were taken inter- 
nationally we should be gravely handicapped in 
export markets, and countries which have failed 
to honour the forty-eight-hour agreement can- 
not be expected to honour a similar agreement 
for a forty-hour week. Finally, short time is so 
usual at present in industry that an official 
reduction of hours would do little to change the 
present position. 


The Prague Conference. 


No less than fifteen nations were represented 
at the International Foundry Conference which 
took place last week in Czecho-Slovakia. It was 
officially recognised by the Czech Government 
and supported by all the principal iron and 
steel manutacturers and large foundry-owners. 
From the British and practical point of view 
it was presided over by Prof. Pisek, but Conti- 
nental politeness is such that this duty is invari- 
ably delegated to what we should call the prin- 
cipal guest. In the official opening and the 
closing banquet it was a Minister of the State, 
whilst for most other functions is was Mr. Maas 
Gesteranus, of Holland, who is the chairman 
of the Foundrymen’s International Technical 
Committee. This choice was a_ particularly 
happy one, as Mr. Gesteranus is equally at home 
whether speaking English, French, German or 
his native Dutch.  On_ political grounds also 
was the choice of such a representative desir- 
able, as the speech by the German delegate 
caused a considerable flutter in the local Press. 
This was a marked contrast with the diplomatic 
speeches invariably made by the foundry asso- 
ciations’ official representative. 

The works visits were of outstanding interest 
to steelfounders, as the quality of the castings 
made by the foremost of the Czech works is 
equal to anything made elsewhere in the world. 
As for the grey and malleable foundries, their 
best work compares with that turned out by the 
best of the British foundries. The speed of 
working is not high, but this may be due to 
the fact that trade is still very bad throughout 
the land. Some factories were working at but 
ten per cent. capacity. 

The Congress was honoured by an invitation 
from the President, Mr. Marsarych, to send a 
small delegation to meet him. The delegates 
included Prof. Pisek, Mr. Maas Gesteranus, Mr. 
John Cameron, J.P., Mr. T. Makemson, Mr. 
Magdelénat, Mr. Léonard and Mr. Delport. 
The visit involved an automobile ride of some 
800 kilometers. 

As usual, a meeting of the Foundrymen’s 
International Technical Committee was held, and 
Prot. Pisek was elected chairman for the forth- 
coming year. An invitation was received from 
American Foundrymen’s Association to partici- 
pate in a congress to be held in that country 
next vear. Mr. Giergerjewski, of Poland, was 
elected Vice-President. 

The technical sessions were conducted in all 
languages except English; Mr. Kain’s Paper, 
on ‘‘ Inverse Chill,’’ prepared on behalf of the 
Institute of British Foundrymen, was presented 
in French by Mr. Vincent Faulkner. The 
audience was very attenuated, and the only con- 
tribution to the discussion was made by Mr. 
J. G. Pearce. The Papers emanating from most 
countries were presented to the delegates in 
the form of a bound book of very considerable 
dimensions. The Papers all appear in full in 
the language of the author, in French and in 
Czech, and also in abstract in English and 
German. This collection is liable to be insuffi- 
ciently appreciated by the casual observer, but 
those familiar with the work involved in its 
preparation will join us in congratulating Prof. 
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Pisek on the which has crowned his 


arduous endeavours. 


success 


The British party, which was the largest of all, 
was deeply appreciative of the cordiality of the 
welcome they everywhere received, and of the 
hospitality accorded to them by the City of 
Prague, and the numerous industrial establish- 
ments which threw open their works for 
inspection. 


Standard Sand Testing Apparatus. 


Mr. N. D. Ridsdale, convener of the J.B.F. 
Sands Sub-Committee, replying more fully in 
writing to points raised in the discussion on the 
Sand-Testing Report, said that with regard to 
the disappointment expressed by Messrs. T. Tyrie 
and H. Kain because definite recommendations 
for the use of one standard type of apparatus 
and one method of testing had not been put 
forward by the 1.B.F. Sands and Refractories 
Sub-Committee ; these gentlemen will be pleased 
to hear that nothing—in the opinion of the Sub- 
Jommittee—had arisen in the discussion to war- 
rant any amendment to the resolution passed at 
the meeting held at Birmingham on October 15, 
1932, viz. :— 


‘* That for the present the A.F.A. standard 
drop ram and 2-in. by 2-in. standard test-piece 
be recommended for routine control tests for 
permeability and compression strength of green 
sands, and that the A.F.A. permeability appa- 
ratus or Mr. Richardson’s modification be used 
for permeability determinations.”’ 


In short, therefore, the definite recommenda- 
tions of the Sub-Committee are that for routine 
control tests the A.F.A. test-piece method of ram- 
ming and determing permeability and compres- 
sion strength (bond) should be used, and that the 
latest form of the B.C.I.R.A. compression appa- 
ratus is satisfactory and convenient to use in 
Great Britain for measuring the strength of the 
A.F.A. test-piece. 

Replying further to Mr. John Hird with 
regard to the effect on the permeability figure 
when sand is passed through sieves of different 
meshes prior to making the test, Mr. Ridsdale 
had taken a sample of mild sand—described as 
Krith—and, after milling it for several minutes, 
half of the sample was passed through a 20-mesh 
sieve and the other half through a_ 12-mesh 
sieve. The permeability and bond strength were 
then determined in each sample and the figures 
were as follow :— 


Permeability Bond strength 


No. Ibs. per sq. in. 
20-mesh sieve 24.4 8.6 
12-mesh sieve 26.8 7.6 


This is quite contrary to the findings of Mr. 
Hird, and it is certainly surprising to find the 
permeability lower in the sample passed through 
the finer sieve. It is quite possible, however, that 
on certain strong sands containing more clay 
the aerating effect of passing through a finer 
sieve would increase the permeability number, 
but from Mr. Ridsdale’s experience he could not 
conceive of a permeability of, say, 20, being 
altered to a permeability of anything like 40 by 
this treatment. The Sands Sub-Committee has 
recently agreed that samples should be passed 
through a }-in. mesh sieve before making tests 
for permeability and bond strength. 

Replying to Dr. H. Ries’ remarks, Mr. Rids- 
dale presumes that the pressure reading which 
he said it was possible to use in the A.F.A. appa- 
ratus must refer to the standard nozzles, since 
the actual change in head of water in the A.F.A. 
apparatus, even between sands having widely 
different permeability numbers such as, say, 30 
and 80, show only a very slight ditference in 
pressure (say, 1-3 mm.) by the usual method of 
testing. 
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District Presidents.—No. 6. 


INSTITUTE OF BRITISH FOUNDRYMEN, 
LANCASHIRE BRANCH. 


After completing apprenticeship the 
foundries of Messrs. M. H. Watts, Macclesfield, 
Mr. Arthur Phillips, the new President of the 
Lancashire Branch of the Institute of British 
Foundrymen, commenced a course of metallurgy 
which was interrupted by enlisting in 1914, and 
serving for 3) years in France. After the war 
he completed the metallurgical course at the 
Manchester College of Technology, under Prot. 
Rhead, and in 1920 joined the staff of Messrs. 


Mr. ArtHUR PHILLIPS 


Metropolitan - Vickers Electrical Company, 
Limited, as foundry metallurgist, and now occu- 
pies the position of manufacturing assistant 
superintendent of foundries in the Trafford Park 


Works of this company at Manchester. He has 
presented Papers to the Institute and other 
societies on various foundry subjects, and 


obtained a diploma for a joint Paper on ‘* Re- 
fractories in the Foundry,’ presented to the 
Lancashire Branch in 1925. 


Iron and Steel Output in August. 


The National Federation of Iron and Steel 
Manufacturers states that there were 73 furnaces 
in blast at the end of August, the four furnaces 
which had been damped down in Scotland at the 
end of July having resumed operations and two 
other furnaces which were put into blast being 
offset by two furnaces having ceased operations 
during the month. The production of pig-iron in 
August amounted to 362,700 tons compared with 
343,900 tons in July and 259,400 tons in August, 
1932. The production includes 104,300 tons of 
hematite, 168,700 tons of basic, 74,100 tons of 
foundry and 7,800 tons of forge pig-iron. The 
output of steel ingots and castings in August, 
which was affected by holidays, amounted to 
551,300 tons, compared with 567,500 tons in July 
and 361,500 tons in August, 1932. 


Growth of Cast Iron.—In ‘‘ Die Giesserei,” R. 
MirscueE discusses the various factors entering into 
the investigation of the growth of cast iron, and 
describes a simple device which gives a convemient 


and reliable means for measuring the amount of 


growth. 
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Random Shots. 


The No. 1 travelling company of the Foundry 
Cabaret has recently concluded a successful tour 
of the Continent and it is rumoured an American 
impressario, Mr. Dan Avey, is anxious to present 


Stu 


the full company to U.S.A. audiences next vear. , 


Pity the poor interpreter! Qu’est que c'est 
muffin man Was ist der muffin man,”’ and 
so on in Spanish, Czech, Polish, Magyar, Dutch 
and Italian. This old British folk song looks like 
hecoming more popular than Tipperary,” 
Already in all the Karvana in Praha, Plzne, 
Brno and Moravska-Ostrava and, in fact, every- 
where the Mezinarodni Sjezd  Slevarensky 
assembled. From the above it will be gathered 
that ‘‘ Marksman ”’ has already acquired a work- 
ing knowledge of Czech. 
lary includes 


His extensive vocabu- 


such useful words thankyou 
(phonetic only), ladies (Damy), gentlemen (Pany) 
(not to be confused with bread, which is Parny), 
(volno) and beer (piv6). 


% * * 


The founders, as usual, spotted an absolute 
Mr. Maas 
President. 
(actual) languages. 


Inter- 
He made speeches in nine 


winner in Gesteranus as the 
national 
It is reasonably certain that 
Urdu, Pushtu and Swahili would be child’s play 
to such an accomplished linguist. 


Wateh the laundry bills! 


Foreign delegate in conversation with a promi- 
nent Scottish foundryman : | don’t like works 
visits as ] have to put on a clean collar every 
day instead of once a week.” 

Prominent Scottish foundryman to Marks 
man “’: ‘* Damned if I don’t bring a supply of 
celluloid collars to these international foundry 
conferences, together with an agency 


agree- 
ment !”’ 
* * * 

li you like caraway seeds do not fail to visit 
Czecho-Slovakia ; you will find them in the bread, 
potatoes and soup, and efforts are being made to 
If vou 
like early rising this country shows great poten- 
tialities; ‘‘ Marksman ”’ found that it 
sible to combine late nights with early rising by 


use them instead of graphite in cast iron. 


Was po-- 
the simple process of bathing, shaving and turn- 
collars! If you like 
Czecho-Slovakia is a veritable Eldorado. 


ing vesterday’s heer, 
Even it 
you don't, you can at least try as did at least 
teetotallers. If like ‘* hot 


paradise. 


two life-long you 


once more you will in 


Samples have been procured 
is thought that them 
“piece de résistance *’ 


for analysis, for it 


by mating with haggis 


a new may be achieved 
worthy to rank with turkey and plum pudding. 
A prominent associated with the 
railway company is especially interested in this 
question. 


metallurgist 


* 


What ‘ Marksman 
geese and then some; the same applies to beer 


saw :—Geese, some more 


and coniferous trees. 
Wiat Marksman 
a gin ond “ it *’ 
of sheets and a blanket or an English cigarette, 
after his very special cuvé had been raided. 


did not see:—One sheep, 
; a whiskey and splash, a pair 


* * * 
Altogether the Prague Conference was a really 
good effort, and it is a pity that so few 
Britishers took advantage of the invitation. 


MarRKSMAN. 
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| Studies on Solidification and Contraction and 


Their Relation to the Formation of Hot Tears 


By Charles W. Briggs} and Roy. A. Gezelius,t Washington, D.C. 


3, 
S ] C * 
pt in Steel Castings. 
rican 
‘erent 
Year, | 
There are many conflicting opinions on all 

phases of casting procedure and various remedies 
cest |} for all the numerous problems arising in the 
* and} industry. These remedies oiten have been applied 
Dutch | by rule of thumb or as experience has dictated 
s like their use. It is surprising to note how little 
ary,” experimental data are available on the actual 
Mane | physical processes which occur during the solidifi- 
very. | cation and contraction of steel castings. 

: It is not possible to review as large a field as 
ensky | the entire casting process in one article and do 
hered justice to all of its phases. The authors have 
work- | selected, therefore, only one of the important 
cabu- | phases, that of solidification, contraction and the 
ikvou | formation of hot tears, and have attempted to 
Pany) , bring together the best of available data and to 
urny), | supplement them with the results of some experi- 

ments. In the industry to-day there are so many 

definitions for the several terms that in order 
to clarify the discussion it has been found neces- 
solute | SY to define certain of these terms. 
Inter- Definitions. 
nine Contraction, Shrinkage.—This is a phenome- 
1 that | non, occurring in most metals, whereby a de- 
. play | crease in temperature is accompanied by a 
decrease in volume. The change may be divided 
into three types, (1) the decrease in volume in 
the molten metal while cooling to the solidifica- 
tion point, (2) the decrease in volume while 
changing from the liquid to the solid state, and 
romll- } (3) the decrease in volume while cooling from the 
works | solidifying temperature to room temperature. 
every Pipes.—Pipes are cavities in the solidified 
metal caused by contraction and are formed 
larks. | during the change from the liquid to the solid 
Contraction Stresses.—C ontraction stresses are 
* » produced by hindered contraction and/or non- 
uniform cooling resulting in a non-uniform 
change in the volume of the metal. Contraction 
may be hindered by the resistance of the mould 
» visit | or by resistance within the casting itself due to 
bread, | 26n-uniform solidification. 
ay Hot Tears.—Hot tears, or contraction cracks, 
if vou | ae cracks in the metal formed at elevated tem- 
: perature by contraction stresses. The steel is 
potel- | subjected to stress in excess of the tensile 
> po~ | strength corresponding to the prevailing tem- 
ng by | perature and, accordingly, cracks. The forma- 
turn- | tion of these cracks may be aided by contraction 
beer, | cavities (pipes) which cause a concentration of 
ven if | Stress. 
baad Cold Cracks.—Cold cracks are the result of 
« het large inherent contraction stresses produced 
during cooling from the solidification tempera- 
adise. | ture to room temperature. These cracks appear 
for lat comparatively low temperatures. 
Solidification. 
iding. |, The process of the solidification of metals has 
h the | (en studied both from the theoretical and the 
. sa Practical point of view by many competent ob- 
servers. Reference is made to H. M. Howe,‘ A. 
L. Field,? A. MeCance,? H. C. Dews,* T. M. 
service,’ C. H. Desch,’ J. E. Fletcher,’ and 
more Bothers whose studies in solidification has formu- 
» beer | lated certain rather definite rules. The solidifica- 
ton of steel poured into the mould begins with 
sheep. = formation of a crust. As the temperature 
» pair irops the solidification proceeds and the crust 
extends inward until the entire crass-sectional 
retté, Parea is solidified. This crust formation does not 
Proceed uniformly all over the casting; at feed- 
ing and gating centres it proceeds more slowly. 
really * Published by permission of the U.S. Navy Department and 
» TeW Ftd before the Annual Meeting of the American Foundry- 
Men’s Association. 
t Division of Physical Metallurgy, U.S. Naval Research 
eax. laboratory, Bellevue, Anacostia, D.C. 
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Castings composed of thick and thin sections will 
solidify, so that the thick portions are still in 
the semi-fluid or fluid state, while the thin. parts 
of the casting are solidifying and may actually 
he accomplishing part of their solid contraction. 
Let us consider these three conditions, liquid, 
liquid plus solid and solid, with respect to con- 
traction. The authors find that there are, ap- 
parently, no reliable published figures on the 
changes of the volume of liquid steel with change 
in temperature. However, from the information 
at hand, it seems reasonable to assume that con- 
traction takes place uniformly with the drop in 
temperature and that it is about two to four 
times greater per degree drop in temperature 
than solid contraction. Thus, in order to keep 
liquid contraction low, the steel should be run 
as cold as possible. Practically, this feature is 
not considered to be of importance, as the supply 
of liquid metal usually is ample to provide for the 
amount of liquid contraction that might be ob- 
tained, regardless of the pouring temperature. 

The freezing contraction is much more import- 
ant and much more difficult to control. Experi- 
ments by Benedicks* and the calculations by 
Hpnda® have shown that steel passing from the 
liquid phase to the solid phase contracts about 
5.5 per cent. in volume. The free solid con- 
traction of steel, from the point to room tem- 
perature, is about 6.6 per cent. (linear contrac- 
tion about 2.2 per cent.). This type of contrac- 
tion will be taken up more fully in the following 
pages. T. M. Service® explains the amount of 
contraction in steel in the following manner :— 
Solid steel weighs 490 lbs. per cub. ft. (density 
7.85) at 1,500 deg. C., while fluid steel weighs 
437 lbs. per cub. ft. (density of 7.0). Therefore, 
in order to obtain one cubic foot of solid steel, 
1.12 cub. ft. of fluid steel is required, on a total 
shrinkage of 10.72 per cent. 


Pipes. 

It has already been considered that in the 
solidification of steel castings the solidification 
proceeds from the surface inward, and as it pro- 
ceeds the three types of contraction take place 
simultaneously. Thus, when the casting has 
completely solidified, there will be a contraction 
cavity at that place which was last to solidify, 
unless certain measures are taken to prevent its 
formation. Pipes usually are thought of as a re- 
sult of shrinkage alone, although some authori- 
ties still contend that occluded gases are also to 
be considered. This theory was first propounded 
by Fletcher’ as a result of his studies on ingot 
solidification. Other authors apparently do not 
consider the phenomenon of gas inclusion to be 
particularly important as a cause of pipes in 
steel castings. 

The presence of pipes in castings may be con- 
sidered in many ways. Heuvers"? of the 
opinion that pipes may be treated in three ways. 
First, the pipes may be ignored, as, in his 
opinion, they do not affect the strength of the 
casting except in so far as they favour the for- 
mation of hot tears due to stress concentration 
at these points. Second, the pipes may be pre- 
vented by the insertion of metal chills at points 
of considerable cross-sectional area, or by the use 
of chill plates. Third, the design must be such 
that the foundryman can get to each section of 
the casting to feed it through direct-feeding 
heads, or, at least, through sections of similar or 


is 


larger cross-section. 

These measures consist in casting in such a 
manner that the last solidifying portion will have 
an ample amount of metal to replace that lost 
during contraction. 


If the casting is not fed 
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from some molten reservoir, a cavity will form in 
that portion of the casting that is last to solidify, 
or in any portion that is cut off from the supply 
of molten metal. In this case the volume of 
such cavities depends on (a) the mass of the metal 
solidifying; (b) the volume change of the metal, 
and (c) the casting temperature. Part (c) is 
really, for that matter, a portion of (b) because 
the extent to which casting temperature in- 
fluences contraction is governed essentially by 
liquid contraction. 

After a close analysis of the available literature 
on casting solidification, it is found that those 
who have expressed their ideas on the subject 
will generaily end their discussion by pointing 
out that, if a casting could maintain an equal 
cooling rate and solidify uniformly throughout 
the casting there would be less defects from 
cracking of the casting. This could be done, 
they explain, by retarding the cooling of the 
thinner parts and by chilling the thicker parts 
to equalise the temperature of the casting. It 
is true that if this can be accomplished, contrac- 
tion stress arising from unequal cooling of sec- 
tions would be eliminated. It is a nice picture, 
bui it is fundamentally unsound for several 
reasons. 

A casting with an equalised temperature 
throughout will proceed, upon reaching the 
solidification stage, to solidify from numerous 
points throughout. These points, as nuclei for 
solidification, will spread, and at those places 
where the solidified portions come together there 
will be small contraction cavities. It is true 
that there should be no large pipe or cavity but, 
instead, there would be minute cavities through- 
out the casting and a general unsoundness would 
he the result. Nor does such a method ensure 
against the formation of cracks, as other in- 
vestigators as well as the authors show that pipes 
and cavities are of importance in the formation 
of hot tears. 

The casting cools from the face of the mould 
inward, as the mould acts as an effective chill. 
How, then, can cooling of thinner parts be re- 
tarded so that an equal temperature throughout 
the casting may be obtained? Even though the 
thick portions of the casting were internally 
chilled to bring them to the temperature of the 
thinner portions, the casting still would not 
solidify equally throughout, but a skin of a 
certain thickness would always precede the mass 
of the casting in solidifying. A high-frequency 
coil might be used to replace the radiated heat 
by induction, but this practice would add greatly 
to expense. 

Directional Solidification. 

Solidification by uniform cooling must be dis- 
carded and what has been called directional 
solidification offered in its place. Directional 
solidification is a process that is intimately in- 
volved with the design of the casting. It makes 
use of the idea that there should be a reservoir 
of liquid metal adjacent to the solidifying por- 
tions of the casting. As the casting proceeds in 
solidifying, the last liquid portion is fed directly 
by a head so placed that it will provide the 
required liquid metal to compensate for the final 
solidifying contraction and thus promote com- 
plete metal soundness. 

The outstanding principle in casting design, 
to obtain directional solidification, is to feed a 
smaller section through a heavier one. Of 
course, at times the design is such that this is 
impossible, and then the correct and intelligent 
use of chills may be resorted to in order that 
the heavier section will complete its solidifica- 
tion prior to the lighter section through which 
it must be fed. Directional solidification also 
necessitates the precaution that moulds and cores 
should be made as collapsible as possible in order 
to reduce the stress arising from mould resist- 
ance, 

A plan of solidification involving controlled 
directional feeding is especially adaptable, as it 
employs the methods that are involved in the 
regular solidification of a steel casting. It does 
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more—it does not permit sections to solidify 
heterogeneously throughout the casting, but con- 
trols the directions of solidification so that 
adequate reservoirs of liquid metal will feed the 
last solidifying portions. The authors are of the 
opinion that in order to obtain castings free from 
pipes and voids it is necessary to have controlled 
directional solidification taking place within the 
casting. 
Rate of Skin Formation. 

A question that is ever prevalent when direc- 
tional solidification is considered, and always 
asked by those interested in this method, is this: 
At what speed does directional solidification pro- 
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ceed? In other words, in a study of this nature 
the rate ot skin formation is one of the im- 
portant factors involved. The rate of skin 
formation, based on our present information, 
depends on two conditions: First, the casting 
temperature, or perhaps better, the fluidity of 
the poured steel; and secqnd, the rate at which 
heat can be conducted away from the mould- 
metal interface. Thus, when the surface area 
and the concentration of mass of a casting would 
be influential in varying the degree of heat con- 
ductivity. In some sections a substantial skin 
is formed during the few seconds required for 
pouring the casting. In other larger sections 
where the concentration of mass is much greater, 
no skin at all will be formed during the pouring 
interval. 

Constant volumes with varying surface areas 
will form, in a definite time interval, varying 
skin thicknesses. However, the change is not 
critical, for a 50 per cent. greater surface area 


does not change the rate of skin formation. To 
demonstrate this fact, an experiment was 
performed using a 6-in. dia. sphere and a 


parallelepiped, with volume identical to that of 
the sphere. 
The surface area of the parallelepiped was 50 


per cent. greater than that of the sphere. Each 
was gated with a 2-in. central downgate. The 


metal was poured into the casting through the 
central downgate, and after a predetermined 
lapse of time the mould was turned over and 
the liquid metal remaining was emptied through 
the pouring gate. The pouring temperatures 
for the entire experiment were between 1,550 


and 1,500 deg. C. The results obtained are 
shown in Table 1. Experiments involving the 


changing of surface area and the concentration 
of mass in regard to their effect on the rate of 
skin formation are being studied further by the 
authors. A study of temperature conditions and 
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the rate of heat conductivity in the mould also 
is receiving attention. This is very important 
if the entire story on the rate of skin forma- 
tion is to be known. 


TABLE I.—Effect of Constant Volume and Varying Surface 
Area on Skin Thickness. 


Linear thickness of 
Time elapsed between solidified shell, in ins. 


filling mould and over- 


turning mould, in min. Sphere. Parallele- 
| piped. 
0 0.18 0.18 
4 0.31 0.32 
1 0.56 0.55 
2 0.75 0.75 


Fluidity Tests. 

It has been mentioned that fluidity is a factor 
in the process of solidification. The difficulty is 
that, although it is recognised by all foundry- 
men as a dominant feature in casting technique, 
very little is known about controlling it. In 
fact, its contro] is one of the major problems in 
steelmaking to-day. It has been known for some 
time that certain processes produce a more fluid 
steel at lower temperatures, particularly to con- 
verter steel, and it is pointed out that it is for 
this reason as much as any other that European 
foundries have maintained the converter prac- 
tice. Just how much difference there is in the 
degree of fluidity of the best-made open-hearth 
and electric, or acid and basic steels, is not de- 
finitely known. However, it is evident that the 
fluidity of steel is not altogether a function of 
temperature. 

Which is to be considered the more impor- 
tant, temperature or fluidity’ The authors are 
inclined to believe that fluidity is of greater im- 
portance, since the primary consideration of 
every foundryman is to run the casting com- 
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especially by the French foundrymen, as an in. 


dication of the correct tapping or pouring con. [ 


ditions. These foundrymen claimed a fair corre. 
lation of conditions existed, and that favour. 
able results were obtained. The use of a fluidity 
test instead of a stop-watch test seems to be the 
ideal way of obtaining advance knowledge of the 
mould-running ability. However, at the present 
‘time it appears that a definite correlation of 


conditions will be difficult to obtain; at least, | 


this has been the experience of the International 
Nickel Company and the American Steel 
Foundries. At the Naval Research Laboratory, 
fluidity is being studied by using a modification 
of the Bureau of Standards horizontal spiral 
fluidity mould.”* The present data would indi- 
cate that numerous tests must be made before 
quantitative correlations can be obtained. 


Contraction and Temperature of Hot Tear 
Formation. 

The casting of steel presents several difficul- 
ties which arise entirely from the design of the 
castings and the properties of the steel itself. 
The hot crack is one of the foundrymen’s chief 
difficulties. Hot cracks and pipes are so closely 
associated with each other that it is difficult to 
differentiate between the two. It is the authors’ 
opinion that many hot cracks are due in part to 
small pipes which serve as points of stress con- 
centration and facilitate tearing in the weak 
steel. 

Information concerning the critical tempera- 
ture at which cracking takes place and_ the 
strength of the steel at that temperature has 
been lacking for some time. Several investiga- 
tions have recently been carried out to deter- 
mine these facts, notably those by Kérber and 
Schitzkowski."* A few other writers, such as 
Heuvers,"’ Singer,‘ Bennick’* and Osann" also 
have contributed opinions on this interesting 
subject. In order to clarify the present views 


pletely. Then, too, the greater the fluidity, the it might be well to mention some of these experi- 
easier it is to control directional solidification ments and opinions in more detail. 
= 
| 
| 
<— TIME IN MIN —=— TIME IN MIN. 
Fic. 2 (LEFT).—SHRINKAGE CHARACTERISTICS OF BARS WITH FLANGES 
(ACCORDING TO KGORBEK AND SCHITZKOWSKI). ‘TEMPERATURES EX- 
PRESSED IN Decs. C. MEASUREMENTS OF BARS ARE IN MM. 
Fic. 3 (RiGHT).—SHRINKAGE CHARACTERISTICS OF BAR FLANGES 
AND RESTRAINING Bars IN THE MOULD (ACCORDING TO KOrRBER 
AND SCHITZKOWSEI). TEMPERATURES EXPRESSED IN Dees. C. 
\VIEASUREMENTS ARF IN MM. 
because the sections are more easily fed. The  Kérber and Schitkowski,*? in what was 
greater the fluidity, the greater opportunity probably the most comprehensive work of this 
there is, as will be shown later on, to fill up character published to date, have determined 


hot tears with liquid steel. 

On a recent visit by Captain Shane, U.S.N., 
to the steel foundries of Europe, it was dis- 
covered that a fluidity test was being used, 


the total shrinkage of cast steel to be approxi- 
mately 2.18 per cent. and the critical cracking 
temperature to be about 1.300 deg. The experi- 
ments carried out to determine these facts were 
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made on three types of bars, in dry and green 
sand using both acid and basic open-hearth steel. 
The bars in question were (1) plain round bars, 
(2) bars with large flanges to hinder shrinkage, 
and (3) bars identical with those used in case 
(2) with the shrinkage hindered by the insertion 
of rigid iron bars in green-sand moulds. 

The amount of shrinkage was measured by 
the shrinkage meter developed by Wiist’® for his 
researches on cast iron. The bars were cast 
horizontally and the temperature measured by 
a platinum thermocouple, the hot junction of 
which was inserted at the surface of contact of 
the bar and the gate. The compositions of the 
steels used were as follow :— 


Contraction and Hot Tears in Steel Castings. 


| Basic 
open-hearth. 


Acid 
open-hearth. 


C, per cent. 
Si, per cent. 
Mn, per cent. 
S, per cent. 
P, per cent. 


0.15—0.39 
0.32—0.47 
0.49—0.80 
0.021—0.045 
0.014—0.047 


0.28 
0.22—0).60 
0.26—0.69 
0.036—0.085 
0.063—0. 106 


As the experiments with acid and basic steels 
were carried on in identically the same manner 
and the results proved conclusively that the 
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green sand, and a’ b’, c’ and d’, the data ob- 
tained on the bars cast in dry-sand moulds. The 
total shrinkage obtained when using green-sand 
moulds, approximately 2.07 per cent., was found 
to be almost as great as that of a freely-con- 
tracting plain round bar, with about one-half of 
the total amount again occurring before the 
critical temperature was reached. These bars 
showed no defects. 

In the curves a’, b’, c’ and d’, representing the 
bars cast in dry sand, a deviation from the 
normal course is noted at about 1,300 degs. C. 
This deviation indicates a fracture in the bar: 
all of the bars fractured. The two larger bars 
fractured below the gate in the centre of the 
har, whereas both flanges were torn off the two 
smaller bars. None of these fractures showed any 
evidence of plastic deformation. ; 

In this experiment the total shrinkage was 
found to increase with the increasing diameter 
of the bar and amounted to 0.34; 0.61, 0.89 and 
1.78 per cent., respectively. The shinkage before 
and after the critical point was 0.21, 0.18, 0.41, 
0.89 per cent. and 0.12, 0.41, 0.48. 0.89 per cent., 
respectively. In the two larger bars the shrink- 
age before and after the critical point is again 
approximately equal. 

(—Bar with Flanges with Iron Rods in the 
Moulds. —The experiment was conducted in green 
sand only and was intended to produce a mould, 
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gate in the centre is not conducive to uniform 
cooling; that is, the cooling must proceed from 
the ends of the bar toward the gate. The ends 
of the bar thus pass through the critical range 
earlier than the centre of the bar, and the 
shrinkage recorded is the summation of the 
expansion and contraction occurring through- 
out the entire bar. This would account for the 
‘“* flattening ’’ of the critical point, which should 
show as marked peaks on the curves. The tem- 
peratures recorded at the gate represent the 
hottest points and not the temperature of the 
bar as a whole. 

In experiments 2 and 3, where the flanged bars 
are employed, similar difficulties are encountered. 
The thermocouple in this case does not indicate 
the ‘‘true"’ cracking temperature but some 
temperature slightly below it. This is brought 
out by the fact that the majority of cracks oc- 
curred at the flanges, which would indicate that 
the hotter and weaker metal was located there. 
The variation between the true temperature and 
that noted by the thermocouple at the centre is 
not very great, due to the large amounts of heat 
given off at various points in the bar as these 
points pass through the critical range, which 
tends to equalise the temperature to a great 
extent. 

The authors are at the present time conduct- 


ing a series of experiments in an endeavour to 
1400 
1300} 
fo) 
< ~ 3€ 
= 200} 
> “Ne 
w 
1000 
© 000 
800 
° 2 3 “4 5 8 s 10 2 3 " = 
TIME iN MINUTES 
Fic. 5.—CooLtine Curves or a Coner- 


Fic. 4.—CooLting CurvES oF A 2-1n. Rounp Bar. 


shrinkage characteristics of the two types of steel 
were the same, only one set of the experiments 
will be given in detail. The fact that acid and 
basic open-hearth steel have the same shrinkage 
characteristics is particularly interesting, since 
various opinions have been presented as to which 
type of steel is more conducive to cracking. 
None of these opinions, however, have been sub- 
stantiated by actual measurements under iden- 
tical conditions, and therefore they have not 
carried out a great deal of weight. The pro- 
cedure followed and the results obtained are 
summarised below. 

4—Plain Round Bars.—The bars used were 
150 mm. (17.72 in.) long and 20 mm., 30 mm., 


‘(0 mm. and 50 mm. (0.787, 1.181, 1.575 and 
1.969 in. respectively) in diameter. These bars 
were all cast in green sand and measurements 
taken on shrinkage. The curves obtained are 


shown in Fig. 1. The highest point on the curve 
represents the pearlite point. The total shrink- 
age was found to be independent of the diameter 
ot the bars and was about 2.18 per cent. 
Approximately one-half of the total shrinkage 
eccurred before the bars passed through the 
critical point. 

B—Bars with Flunges.—The bars in this ex- 
periment were identical with those used above, 
except that they had flanges 20 mm. (0.787 in.) 
thick and 12, 13, 14 and 14 mm. (4.73, 5.11, 5.51, 
5.51 in. respectively) in diameter. The moulds 
in this case consisted of green-sand and dry-sand 
moulds composed of compo (chamotte) fireclay 
and graphite. The curves a, b, ¢ and d (Fig. 2) 


represent the data obtained on the bars cast in 


the resistance of which was between that of a 
green-sand mould and a dry-sand mould. In 
this case only the 30 mm, (1.181 in.) bar was 
used. The shrinkage was hindered by rods of 
20 mm. (0.787 in.) diameter placed between the 
flanges. Various lengths of restraining rods were 
used to obtain different amounts of resistance. 
The total distances between the ends of the 
rods and the flange were 0.787, 0.157, 0.236, 
0.315, 0.397 and 0.472 in. In the two latter cases 
the distance was greater than the total shrinkage 
of the bar, 0.354 in., but the sand compressed 
hetween the end of the rod and the flange 
diminished the actual working distance some- 
what. 

The total shrinkage varied from 1.51 per cent. 
for the most hindered contraction to 2.10 per 
cent. for the bar that was impeded the least. 
The contraction after the critical point remained 
constant in every case, whereas the contraction 
hefore the critical point varied from 0.51. per 
cent. to 1.04 per cent. All bars were torn near 
the flange. No defect was visible in the three 
bars which had been impeded the least until 
about 0.039 in. had been turned off, when small 
cracks were found, connected to a small pipe in 
the flange. The shrinkage curves (Fig. 3) show 
deviations marking the fracturing points. 

Although the work given above has presented 
the most complete data on the subject, and the 
conclusions as to the critical cracking tempera- 
ture probably are very nearly correct, there are 
some portions of the technique that could be im- 
proved. The use of plain round bars with the 
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continue the work of Kérber and Schitzkowski 
and determine the tensile strength of steel at 
the high temperatures where cracking takes 
place. Although the data are at present incom- 
plete and not sufficient to warrant a conclusive 
statement at this time, the authors are of the 
opinion that the temperatures given above are 
very nearly correct. 

In order to correct the experimental errors 
mentioned above, the authors made a study of 
the cooling characteristics of several bars. Three 
platinum platinum-rhodium and six iron-chromel 
thermocouples were used in noting the tempera- 
ture in various portions of the bar. The three 
platinum couples were placed as follows :—(1) 
About 1 in. from the end of the bar, the end of 
the thermocouple extending to the centre line of 
the bar; (2) at the centre of the bar, below the 
gate; and (3) about 3 in. from the end of the 
bar, with the end of the thermocouple protrud- 
ing only about 4 in. into the mould, so that the 
temperature of the skin would be recorded, 

In Fig. 4 are shown the data obtained on a 
straight bar 2 in. in diameter. This bar was 
similar to that used by Kérber and Schitzkowski 
in a portion of their work. It will be noted that 
the skin cools immediately to almost 1,300 deg. 
C., and then cools very slowly. The fact that 
solidification proceeds from the end toward the 
centre is shown very markedly by the fact that 
the temperature just below the gate lags about 
75 deg. C. behind that of the end and the skin 
in cooling. 

To correct this, a bar has been selected having 
a diameter at the centre slightly smaller than 
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that at the ends. The thermal characteristics of 
this bar are shown in Fig. 5. The thermocouples 
were placed in relative positions so that the data 
are comparable. It will be noted that the cool- 
ing is almost uniform throughout the bar. Ex- 
periments to determine the maximum shrinkage 
and the critical cracking temperature of steel 
have also been conducted by Heuvers.''! His re- 
sults, which he presents with no explanation of 
the technique used, agree very well with those 
given above and show that one-half of the total 
shrinkage of 2 per cent. occurs within the limits 
of 1,450 and 900 deg. C. within a very short 
time, and that below 900 deg. C. the additional 
shrinkage is very slow. He states further that 
“within the limits mentioned, i.¢., during the 
transition from the fluid to the pasty state and 
to the state of white-hot heat, the steel is rapidly 
subjected to great stress at a time when the ten- 
sile strength is still slight,’ and contends that 
these facts corroborate the work of Kérber and 
Schitzkowski. 

K. Singer'® and Krieger,’* who have also 
studied the problem, are of the opinion that the 
results presented by Kérber and Schitzkowski 
are very nearly correct. The only published 
statement that differs considerably from those 
given above was presented by B. Osann in a 
discussion of Heuvers’ Paper.'' It is Osann’s 
opinion that the critical cracking temperature 
is very much below that given above. He be- 
lieves that the true temperature is approxi- 
mately 600 deg. C., and bases his argument upon 
the following points :— 


‘“That it is impossible to determine the 
temperature of the cracked skin by means of 
a thermocouple placed in the mould. 

‘* That a crack cannot occur as long as the 
steel is still in the fluid and, consequently, in 
a plastic state, because stress in this state 
causes deformation, but no cracks. The plastic 
state does not cease until a temperature which 
is about 600 deg. C. is reached. Therefore, 
cracks can occur only when the steel has cooled 
off to that temperature, i.¢., when the skin 
has reached this temperature. However, the 
thermocouple introduced into the mould may 
still indicate 1,300 deg. C. 

‘That the cooling of the steel along the 
mould wall proceeds very rapidly, due to the 
great temperature gradient. The critical tem- 
perature of 1,300 deg. C. will be reached 
in such a short time that it would be impos- 
sible to ‘ withdraw the mould.’ ” 


Osann continues that such wide temperature 
differences as he has mentioned, skin at 600 deg. 

., While the centre is still at or above 1,300 deg. 
C., do exist. As an example he points out that 
ingots, whose external appearance is quite dark, 
begin to glow white hot when placed in the 
‘soaking pit ’’ due to the molten state of the 
interior. 

In presenting this hypothesis Osann has neg- 
lected to take into account several points of im- 
portance. First, an ingot usually is cast in a 
metal mould, which not only has a much greater 
chilling effect, but also has a much higher heat 
conductivity than any sand mould. Secondly; 
in removing the ingot to the ‘“ soaking pit,’ it 
must of necessity be exposed to the chilling effect 
of the air, which, again, is much greater than 
that experienced by a casting in a sand mould. 

The supposition that such wide temperature 
differences can exist in a casting produced in a 
sand mould becomes untenable when it is con- 
sidered that the steel is poured into the mould 
at a temperature which is above the melting 
point, and that before crystallisation can begin 
in the outermost crust, the heat released during 
cooling of the steel to the point of solidification 
and also the heat of crystallisation during solidi- 
fication must be absorbed. As the latter quan- 
tity of heat represents approximately one-sixth 
of the total heat content of the fluid steel, it can 
readily be seen that the mould becomes yery 
hot and that, due to the poor thermal conduc- 
tivity of the sand, cooling of the casting cannot 
proceed at the rapid rate suggested. 
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These arguments are more or less confirmed 
by the results of the temperature measurements 
made by F. Wiist and P. Stuhlen’® in their 
studies of temperature differences at different 
points of grey-iron bars during the cooling pro- 
They found that up to the pearlite point 
no temperature differences much over 100 deg. C. 
occur between different points of the bar. This 
can also be seen by examining the curves shown 
above in the discussion of the work of Kérber 
and Schitzkowski. 

The authors, in an endeavour to determine 
how much of a temperature gradient existed in 
a sand mould, took ‘temperature measurements 
on a mould in which a 6-in. dia. steel sphere 
was cast. The temperature of the metal at the 
centre of the sphere was determined by means of 
a platinum platinum-rhodium thermocouple pro- 
tected by a quartz tube, introduced through the 
bottom of the mould. The temperature of the 


cess. 


sand was noted by means of four chromel-alumel 
thermocouples placed 1 in., 1 in., 2 
interface. 
short 


in. and 3 in. 
Potentiometer 
intervals and 


from the mould-metal 
readings were taken at 
plotted, as shown in Fig. 6. 
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By examining these curves it can readily be 
seen that the opinion presented by Osann is un- 
tenable. The thermal conductivity of sand is so 
low that even though the temperature of the 
sand at the face of the casting is only 150 deg. 
lower than the metal at the centre during almost 
the entire cooling range, the sand temperature 
| in. away from the casting never exceeds 
1,000 deg. C., and the sand 2 and 3 in. away 
is still lower in temperature. 

The results of Kérber and Schitzkowski may 
also be cited as proof that the cracking tem- 
perature chosen by Osann is too low. In their 
experiments it was found that the cracking 
occurred where the highest temperatures pre- 
vailed, and that if shrinkage was not prevented 
until the temperature of this point in the bar 
had dropped to below 1,000 deg. C., no cracks 
appeared. It has also been pointed out that in 
the region of 600 deg. C. and less, steel has such 
a high tenacity that cast-steel bars in this tem- 
perature region break only after previous plastic 
deformation. 

This is true even in the case of notch impact 
tests, which, because of the very nature of the 
favour the tormation of brittle frac- 
Therefore, if the cracks observed in the 
test-bars at the transition to the flanges, or the 
gate, had occurred at the Jow temperature of 
600 deg. C., preliminary plastic deformation 
might be expected. No such plastic deformation 
was reported. On the contrary, it was found 
that the cracks always exhibited the character- 
istics of a fracture without plastic deformation. 
These fractures are explained by Kérber and 
Schitzkowski by the assumption that slightly be- 
low the temperature at which solidification sets 


stress, 
tures. 
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in, between the crystals which separate first and 
which form the first solid crust, small amounts of 
mother liquor melting at a lower temperature are 
still present. 

K. Singer is another proponent of the higher 
cracking temperature. He, however, uses his 
theory of solidification, the refilling of cracks by 
molten metal, to explain why cracks are not more 
frequently found. His theory will be treated in 
detail subsequently. 


Factors Effecting the Formation of Hot Tears. 

Undoubtedly there are a number of factors 
effecting the formation of hot tears in steel cast- 
The foundryman’s knowledge on this sub- 
ject has been limited by the lack of fundamental 
research, and the result is that certain variables 
can be spoken of in only a qualitative way. It is 
very probable that some controlling factors which 
future work will stress more completely may be 
entirely missing from present discussions of this 
subject. The factors that are at present deemed 
most important in the formation of hot tears are 
as follow :—(a) Contraction stresses—(1) caused 
by mould resistance, and (2) caused by uncon- 
trolled directional cooling; (b) pipes or cavities; 
and (c) the physical properties of the steel—(1) 
strength at solidification temperatures, and (2) 
fluidity. 


ings. 


Contraction Stresses. 

Mould resistance is very conducive to the for- 
mation of hot tears. It has already been pointed 
out in the review of the work of Kérber and 
Schitzkowski that mould resistance can be suffi- 
ciently great as to fracture bars. It is hard to 


realise that rammed sand can such a 


exert re- 
sistance to the contraction of steel that frac- 
tures result. The fact that some sands have a 


high compression strength and resist the contrac- 
tion of the steel is not the entire story. The 
mould hardens and the amount of sand around 
the casting also are important. 

Take, for example, the H-shaped section such 
as is often encountered in pulley wheels, gear 
blanks, valve bodies and the like. The sand bhe- 
tween the two flanges restricts the casting from 
moving. It is true that the sand lying next to 
the casting loses its strength as it becomes burnt, 
and that it will allow for movement of the two 
flanges toward each other, but the casting has 
little opportunity to avail itself of this small 
amount of play because the rest of the sand 
mould is rigidly shaped. Thus, it is not only a 
question of overcoming the compression strength 
of the sand between the flanges, but it is also a 
case of overcoming the resistance of the entire 
mould to the casting movement. 
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The Iron and Steel Institute. 


AUTUMN MEETING IN SHEFFIELD. 


The Autumn Meeting of the Iron and Steel 
Institute was held in Sheffield from September 12 
to 15, the sessions for the discussion of Papers 
taking place in the Mappin Hall of the Uni- 
versity of Sheffield on Wednesday and Thursday. 
In the absence of the President (Mr. W. R. 
Lysaght, C.B.E.), who was recovering from a 
illness, Sir H. C. Harold Carpenter, 


severe 


sir H. C. H. Carpenter, Ph.D., D.Sc., F.R.S. 
(Acting-President of the Iron and Steel 
Institute). 


Ph.D., D.Sc., F.R.S. (Acting President), took 
the chair. 


Str Harotp Carrenter at the outset of the 
proceedings referred to the illness of Mr. 


Lysaght, who, he said, had been taken ill some 
weeks ago, but was now, he was glad to state, 
making a good recovery. Mr. Lysaght had cele- 
brated his 75th birthday a few months ago, and 
the present indisposition had been his first 
illness. It seemed to him (the Acting President) 
that it would be friendly on the part of the 
members if the following telegram were sent to 
Mr. Lysaght :— 

“The Council and Members of the Iron and 
Steel Institute assembled at Sheffield greatly 
regret your absence from their meeting, and send 
you cordial good wishes for complete recovery.” 


Civic Welcome. 

The Lorp Mayor or SwHerrierp (Alderman 
Ernest Wilson) said he deemed it an honour, as 
well as one of the most pleasing duties of his 
year of office as Lord Mayor, to offer a welcome 
to the members on behalf of the City of Sheffield. 
His first desire was to join with them in ex- 
pressing great regret at the absence of their 
distinguished President, Mr. Lysaght, especially 
so as that absence was due to illness, and the 
Lady Mayoress and himself joined with those 
present in wishing Mr. Lysaght a speedy and 
complete recovery to a full measure of health. 
The present occasion gave him an_ oppor- 
tunity of welcoming most warmly Sir Harold 
Carpenter as the Acting President of the Insti- 
tute and to express the hope that under Sir 
Harold’s wise guidance the meetings of the 
Institute in Sheffield would be an unqualified 
success. Sheffield welcomed the Institute that 
day and offered its members whole-heartedly its 
support and every facility to render their meet- 
ings memorable. 


The Iron and Steel Institute was founded 


in 1869 and had been incorporated by Royal 
Its chief object was the dis- 


Charter in 1899. 


semination of knowledge of the science and 
technology of the manufacture of iron and steel, 
and the recording of all progress in the art of 
metallurgy of iron and steel. It was significant 
of those aims that the Institute was holding its 
Autumn Meeting in Sheffield this year, which 
city benefited so greatly by its researches. 

Sheffield was the chief centre of the special 
steel industry of this country, and the Institute 
was about to conduct the business of its technical 
sessions within the precincts of the University 
which was regarded as the principal abode and 
centre of the metallurgical research work and of 
the training and education of those who intended 
to follow that profession in all its branches. 

The Institute numbered about 2,000 members, 
about 30 per cent. being resident overseas. It 
Was international in character, 17 foreign coun- 
tries being represented within its membership. 
It thus had the advantage that the proceedings 
were continually enriched by contributions of a 
scientific or technical character presented by dis- 
tinguished metallurgists in other countries as well 
of those in Great Britain. 

The Institute itself carried on important. re- 
search work in association with the National 
Federation of Tron and Steel Manutacturers and 
the Department of Scientific and Industrial Re- 
search. Tt had two important standing com- 
mittees, the one studying problems of corrosion 
in iron and steel and the other the question of 
the soundness of steel ingots, both of which 
worked under the chairmanship of Dr. Hatfield, 
who had been acting as chairman of the local 
executive committee which had made _ itself 
responsible for the whole of the arrangements of 
the present meeting. The last occasion on which 
the Institute had met in Sheffield had been in 
1905. That meeting had been held under the 
Presidency of Sir Robert Hadfield. Of the 


Council as constituted in 1905 Sir Robert was the 
member to-day. 


only remaining active Sir 


Mr. W. R. Lysacurt, C.B.E. 
(President of the Iron and Steel Institute). 


Robert’s munificent gift of £5,000 to Sheffield 
University, announced on Monday, was but a 
further evidence of the love of Sir Robert for 
his native city, for it should not be forgotten 
that, although Sir Robert’s reputation was deser- 
vedly world-wide, Sheffield claimed the distinction 
and honour of being his birthplace. Might that 
close association long continue. 

As Chairman and as Secretary of the local 
executive committee charged with the arrange- 
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ments of the present meeting, Dr. Hatfield and 
Prof. Andrew had fully merited, and he was sure 
would receive, the warmest thanks and congratu- 
lations for all they had done. He desired to 
tender to them, and to the other members of 
the Committee, his own appreciation of their 
work. 

In conclusion, he trusted that the labours of 
the meetings of the Institute would be blessed 
and would prove of immense value to the great 
industry which those present represented. He 
hoped they would all enjoy their visit to Shef- 
field, and so enjoy it that they might long to 
return. He could assure them that Sheffield 


Sir Rospert A. Haprievp, Bt., D.Sec., D.Met., 
F.R.S. 
(Past-President of the Institute). 


would always be delighted to give them a welcome 
within its city walls. 


Welcome by Vice-Chancellor of the University. 

The Vice-CHANCELLOR Or THE UNiverstry (Dr. 
Pickard-Cambridge) said that it was a great 
pleasure to him, in the name of the University, 
to add a few words of welcome to the sentiments 
which had been so admirably expressed by the 
Lord Mayor. They in the University were very 
glad and proud that the members of the Insti- 
tute should find their buildings suitable for their 
discussions and other functions. They in the 
University also welcomed always every oppor- 
tunity of contact with those who were practically 
engaged in the application of the principles 
which were being studied there  theoretic- 
ally perhaps even more than practically. They 
hoped that on the previous evening some of the 
members of the Institute had been able to get 
some idea of the interests and resources of the 
University. It was a place where experiment 
was always going on. He hoped, however, that 
the members did not think that on the previous 
evening the University had been trying an ex- 
periment to discover the extreme limits of human 
compressibility without mechanical aids! 

He and his colleagues desired not only that in 
the members’ sojourn in the University they 
should get some idea of its resources, but wished 
also that, if they had criticisms or suggestions 
to offer, those criticisms or suggestions should be 
forthcoming. Nothing could help the authori- 
ties of the University to do their work better 
than the criticisms of those who were practically 
acquainted with the subjects which the Univer- 
sity was studying and with the needs of the iron 
and steel industry. He was sure that Prof. 
Andrew, their indefatigable Professor of Metal- 
lurgy, would himself be the first to welcome any 
suggestions that could be made for the improve- 
ment of his department. 

They were anxious, as he had said, to do all 
they could to strengthen the bonds between the 
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studies of the University and the profession 
which those present represented, and they had 
received the very greatest encouragement in the 
last two days in the noble gift of Sir Robert 
Hadfield to the University. Sir Robert through- 
out his life had represented both the theoretical 
and practical sides of the profession in the best 
possible way. The University valued Sir 
Robert’s gift, not merely for the greatness of 
its munificence, but, above all, because in times 
when, if one were so disposed, it would be easy 
to be disheartened, it gave the authorities of 
the University real encouragement and _ hope 
that they were working on the right lines. They 
that 
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meeting and by many others. When the Insti- 
tute met in Sheffield in 1905, the University 


had only just come into being. He hoped 
that those who had been present on that 
occasion might find some signs of advance. At 


any rate, he assured them that the University 
always desired to assist, and to regard all the 
members of the Institute as its best friends. 


Acting President’s Reply. 

Sir Harotp Carpenter thanked the Lord 
Mayor and the Vice-Chancellor for the speeches 
of welcome which they had delivered. They had 
paid the members the compliment of preparing 


were sure one in Sir Robert Hadfield’s speeches with great care and which would cer- 
position would not have given such help— tainly give those present something to think 


both on the present and on earlier occasions—if 
they had not been at any rate trying to do some 
of the things that they ought to be doing. Sir 


Robert’s gift would enable them, he hoped, to 


about. He was very glad to find himself in his 

present position that morning, because he had 

been present at the meeting of the Institute in 
I 


Sheffield in 1905. If he might so put it, he had 
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proceed to further experiments in the develop- 
ment of metallurgy, such as should be tried in 
the University. 

The relation between the Universities and the 
industry was not very easy to define, but, 
roughly speaking, the former tried to be in the 
first place a training ground to supply persons 
who were trained in the fundamental sciences, 
a knowledge of which was absolutely necessary 
for the practical development of industriai 
methods. They did try to supply the industry 
in Sheffield and elsewhere with a continuous 
stream of persons, highly trained, for technical 
posts and for research. They at Sheffield Univer- 
sity recognised that the theoretical side was 
fundamentally important, and that there was 
nothing so unpractical as the neglect of theory. 
Then they tried to do all they could, and to the 
extent their means would afford, by way of 
actual research into metallurgical problems. 
Another way in which the University tried to 
help the industry was by carrying on an almost 
continuous consulting practice. Those who were 
not intimate with University work could hardly 
realise how much time of the professors and 
teachers in the University was taken up in 
answering the problems of those who consulted 
them from outside. In all those ways he hoped 
that the ties between the industry and the 
University might be strengthened by the present 


then been a young worker in the subject, who 
had recently come over the metallurgical hori- 
zon, and the Sheffield meeting had been his first 
introduction to the great men of industry of 
that city. There were two names he would like 
to mention—the first, Mr. John Devonshire Ellis, 
the father of Sir William Ellis, and the second 
the world-famous Dr. Sorby. He well remem- 
bered Dr. Sorby being wheeled into the room in 
a chair and taking part in the discussion of one 
of the Papers. Those were the kind of things, 
the recollection of which never faded from the 
mind of a young worker; and if he had been 
able to do anything in the subject of metallurgy 
he would like to express his indebtedness to the 
inspiration which he had derived as a young 
worker from that meeting. 

Then he must mention Sir Robert Hadfield, 
who, as Mr. Robert Hadfield, had presided at 
that meeting. The members were delighted at 
Sir Robert's presence on the present occasion, 
and he personally desired to express his own 
pleasure, which he was sure every member of 
the Institute felt, at hearing of Sir Robert's 
magnificent gift to the University, which they 
understood, and hoped, was to be devoted essen- 
tially to metallurgical education. That must be 
a great encouragement to Prof. Andrew. Perhaps 
he ought not to say it, but one could be indiscreet 
at autumn meetings (it was not like a London 
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meeting). Prof. Andrew had been his first 
student in metallurgy, and he had been a very 
precious student ; he had been quite as irrespon- 
sible then as he was now! There had been a time 
when Prof. Andrew had contemplated giving up 
metallurgy and had toyed with the idea of being 
a doctor, but he had got him to visit him on his 
holidays in Yorkshire in order to talk it over, 
after which nothing more had been heard of the 
doctor business. Personally, he thought that 
Sheffield owed him a little gratitude for that 
fact, and he was quite certain that in years to 
come he would prove to be right. 

He desired to say a few words about what 
seemed to him to have been some of the great 
advances in steel metallurgy since they had met 
in Sheffield on the last occasion. Engineering 
science and practice were just as successful as 
the available materials would allow, and 
great advances in engineering in the last 
years had depended ultimately on the improve- 
ment and the quality of metals, and the exten- 
sion of the range of properties which they 
displayed. Going back for a moment to 1905, 
the motor car had then been in its infancy; the 
aeroplane had been an experimental toy; the 
mechanical and electrical industries had been of 
minor importance compared with what they were 
now. Since then all those industries, and others, 
had developed rapidly, and that had been 
accompanied by a steady demand for steels ot 
better quality and of greater diversity of proper- 
ties. Only in 1904 had the first Paper on high- 
speed cutting steel been published in the Journal 
of the Institute—a Paper by Gledhill on the use 
and development of high-speed steel. Although 
it was not an English discovery, he would like 
to emphasise the fact that Sheffield, by the mere 
extent and quality of its engineering knowledge, 
had been able to take advantage of that discovery 
and constitute itself one of the chief centres of 
the production and manufacture of that steel. 
He thought that was an extremely good test of 
what he had called the quality of knowledge in 
Sheffield. 


the 
25 


Then there was stainless steel. That, as far 
as the chromium steels were concerned, was 
always associated with the name of Mr. 
Harry Gray, of Sheffield. It was_ inter- 


esting in that connection to say that at least 
he himself thought it was doubtful whether the 
discovery of a really effective rust-resisting steel 
had been ever seriously contemplated by metal- 
lurgists before it had been actually found. For 
instance, writing in 1910, only three or four 
vears before the discovery, Cushman and 
Gardner had stated: ‘‘ The tendency to rust is 
a character inherent in the element known as 
iron, and will in all probability never be entirely 
overcome.’’ That statement was strictly true, 
because the properties of an element could not 
be altered; but its implications bearing on the 
allovs of which iron was the basis had been com- 
pletely contradicted by subsequent events. 

Continuing, the speaker referred to what were 
known as the creep and _ heat-resisting steels. 
The actual word ‘‘ creep ’’? was quite a new one. 
He thought it dated back only to 1922, and that 
the first Paper on the subject had been by 
Dickenson, also of Sheffield, at the autumn 
meeting of the Institute held in that year. 
Since then it had been the subject of intensive 
study all over the world, and as a result the 
employment of metals at elevated temperatures 
had entered a new phase. As methods of study- 
ing the mechanical behaviour of metals at 
elevated temperatures had improved, the manu- 
facture of allovs that resisted creep and oxida- 
tion had advanced, and heat-resisting steels were 
now giving satisfactory service at temperatures 
which were unheard of ten years ago. 

In short, there had been a complete revolution 
in engineering practice since the Institute had 
last met in Sheffield, and that was only 28 years 
ago. That gave one an idea of the effect of 
scientific knowledge on the industries of to-day. 


(Concluded on page 165.) 
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The Resistance to. Wear of Nitrogen-Hardened 


Cast 


lron.* 


By J. E. Hurst. 


(Abridged.) 


The most important applications of cast iron 
surface-hardened in this manner are those in 
which the conditions call for resistance to wear. 
Of these, cylinders and cylinder liners for 
various types of engines, pumps and compressors 
form a group in which the resistance to wear 
is a property of considerable industrial import- 
ance. Accordingly, the experiments on the re- 
sistance to wear of nitrogen-hardened cast iron 
were arranged to study the behaviour of these 
materials under wear conditions such as exist 
in internal-combustion-engine cylinders. It is 
necessary to point out that these experiments 
are not concerned with the investigation of the 
nature and causes of cylinder wear in such 


XUM 


engines, but solely with the determination of 
the comparative resistance to wear of nitrogen- 
hardened cast iron under these conditions. 


generated was taken in parallel with the main 
works, d.-c. supply at 230 v., and provision was 
made in the switchgear to isolate to the test 
engine such sections of the works plant which 
would provide a steady load for the generator. 
In addition, the engine was fitted with a 
governor. 

All the tests were carried out on the material 
in the form of cylinder liners of the type known 
as dry liners. These dry liners were pressed 
into the bores in the cylinder block suitably 
machined to receive them; they are retained in 
position by reason of the circumferential stresses 
due to the ‘interference fit’’ allowance pro- 
vided. The methods of fitting and the inter- 
ference fits adopted followed the common prac- 
tice of lining such engines for ordinary indus- 
trial service. Every precaution was taken to 
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In deciding upon the experimental procedure, 
it was considered that the available types of 
abrasion wear-testing machines were not likely 
to give results which would be of value in deter- 
‘mining the comparative resistance of materials 
to cylinder wear. It was arranged therefore to 
make experimental determinations under actual 
engine-cylinder conditions. Whilst by this 
method actual industrial conditions can be dupli- 
cated with certainty, the tests are of prolonged 
duration, since it has been found that consider- 
able engine running or mileage is necessary to 
provide wear figures of a sufficiently decisive 
character. These experiments with the object of 
determining the comparative resistance to wear 
of nitrogen-hardened cast iron were commenced 
in the early part of the year 1929 and have been 
in continuous progress for practically four years. 


Experimental Procedure. 

The experimental programme decided upon in- 
volved the determination of comparative rates 
of wear in a stationary engine installed in the 
works. In view of the fact that results ob- 
tained from stationary engines are not neces- 
sarily similar to those obtained from engines 
running under actual service conditions, the ex- 
perimental programme was augmented by the 
inclusion of similar tests on engines actually in 
service. 

The stationary-engine tests were carried out 
on a Leyland four-cylinder 4-in. bore petrol 
engine of the standard type as used in one of 
their vehicles. This engine, mounted on a suit- 
able frame, was coupled through the clutch direct 
to a d.-c. current generator. The current 


* Paper read at the Autumn meeting of the Iron and Steel 
Institute. 
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ensure regularity and uniformity in the methods 
and details of the fitting and finishing operations. 
The bores of the cylinder liners were rectified 
and brought to standard dimensions by grinding 
or honing after the liners had been pressed into 
position in the cylinder blocks. 


Aluminium-Alloy Pistons Used. 


For test purposes the engine was provided with 
special aluminium-alloy pistons made under con- 
trolled conditions from the same cast of alloy. 
The chemical composition (per cent.) and hard- 
ness of this, determined on a sample taken from 
an actual piston, were as follows:—Copper 2.0, 
zinc nil, iron 1.48, nickel 1.02, silicon 1.22, mag- 
nesium 1.46, titanium 0.14,. Brinell hardness 75.5 
to 82 Firth (120 kg. load, 4-mm. ball). 

The piston rings and scraper rings were 
specially prepared from a series of centrifugally- 
cast piston-ring drums of uniform composition 
and properties. The rings used for each test 
were selected as giving a uniform radial pressure. 
The chemical composition (per cent.) and proper- 
ties of the piston-ring material are given below 
and were determined on rings taken from the 
actual drums used :—-Total carbon 3.23, combined 
carbon 0.65, graphite 2.58, silicon 2.07, manga- 
nese 0.92, sulphur 0.06, phosphorus 6.70, nickel 
nil, chromium nil, En value 16.8 x 10° lbs. per 
sq. in., tensile strength, 19.7 tons per sq. in., 
Brinell hardness 238. 

The procedure followed in an individual test 
consisted of fitting up the four bores of the 
engine with liners. In one bore a liner of one 
of the standard materials was fitted, and in the 
remaining three bores were fitted liners of the 
materials to be tested. The engine was then run 
under steady, approximately full-load conditions 
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for a given number of revolutions. Each unit 
test consisted of a period of 40 x 10° engine 
revolutions. This period corresponds to approxi- 
mately 10,000 miles of road travel of this par- 
ticular engine on the basis of an average of 4,000 
revolutions per mile when in the vehicle for which 
it was designed. All tests were carried out for 
this or multiples of this period. 

The amount of wear in each cylinder bore was 
determined by a comparison of the maximum 
ciameter after the test with the original 
diameter of the cylinder bore. This difference in 
diameter is regarded as the maximum wear, and 
following a common and well-understood practice 
in eylinder wear measurement is expressed in 
miles per thousandth of an inch of wear. In the 
case of the stationary engine tests, this value is 
obtained by converting the total revolutions into 
miles, using the relationship referred to previ- 
ously. The total miles divided by the maximum 
wear expressed in thousandths of an inch gives 
the wear value. Expressed in this form the 
results are comparable with other cylinder wear 
measurements taken under commercial conditions. 

The measurement of the cylinder bore diameters 
was made by means of a two-point cylinder bore 
measuring gauge of a pattern in common use for 
the purpose. The dial gauge reads differences 
in bore diameters direct to a graduated accuracy 
of 0.0005 in., and the fraction 0.00025 in. is 
quite easily estimated. In actual measurement 
the cylinders are explored by means of the in- 
strument to find the maximum diameter. This 
is to be found generally at or near the diameter 
at right angles to the crankshaft on a plane 
passing through the top limit of piston ring 
travel. In addition to recording this maximum 
diameter, measurements were made at successive 
planes, } in. apart, down the full length of the 
cylinder bore. The change in these diameters 
due to wear, expressed in thousandths of an inch 
and plotted, yields a complete cylinder bore wear 
diagram. 

Materials.—Four standard types of materials 
have been used as a basis of comparison as 
follows:—(1) Plain, unalloyed, centrifugal 
cast iron complying with B.S.1.Spec. 
1{K6; (2) chromium-alloy cast iron, centrifugally 
cast, in the as-cast condition; (3) chromium- 
alloy cast iron, centrifugally cast, in the 
hardened-and-tempered condition; (4) nickel- 
chromium alloy cast iron, centrifugally cast, 
hardened and tempered to a Brinell hardness of 
450 to 500. The chemical composition and me- 
chanical properties of these materials, deter- 
mined in each case on specimens taken from the 
actual cylinder-liner castings, are included in 
Table I. In the same table particulars of the 
nitrogen-hardened cast irons used in each of the 
experiments are recorded. 

Blank Exrperiments.—At the outset of the ex- 
periments it was considered advisable to ascer- 
tain the degree of uniformity of the maximum 
wear of the cylinder bores in each of the four 
bores of the engine. For this purpose the engine 
was equipped with four of the standard plain 
unalloyed centrifugal cast liners, standard 
pistons and piston rings. After 40 by 10° revo- 
lutions (10,000 miles) the maximum wear values 
were determined. The results are given below for 
each of the cylinder bores, starting from the 
radiator end of the engine :— 


Bore No. Max. diametral 
wear. In. 
0.00125 
0.002 


Cylinder bores Nos. 2 and 3 gave uniform results, 
whilst bores Nos. 1 and 4 indicated a slightly less 
amount of wear to the extent of 0.00075 in. in 
bore No. 1. This tendency for bores Nos. 1 and 
4 to show a slightly lower wear value may be 
borne in mind in considering the further test 
results. 
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Experimental Results. 

Stationary Engine Tests.—In the stationary 
engine trials Nos. 2, 3 and 4, the results of which 
are summarised in Table II, the engine was 
equipped with a liner of standard unalloyed 
centrifugal cast material in bore No. 3, and a 
nitrogen-hardened cast-iron liner in bore No. 2. 
These bores were chosen for this test as having 
given uniform wear in the blank experiment. 
The chemical compositions and properties of these 
materials are given in Table I. The engine was 
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the values obtained for bores Nos. 3 and 4 may 
be used as a fair comparison. On the whole it 
was considered advisable to average the results, 
and on this basis mean values for the wear re- 
sistance of the nitrogen-hardened cast iron of 
36,000 miles per 0.001 in., and 14,150 miles per 
0.001 in. for the chromium-alloy cast iron are 
obtained after the full test of 40,000 miles dura- 
tion. A more accurate comparison with the 
results obtained in the previous tests (Table TT) 
is obtained by taking the results over the same 


TABLE I.—Materials used for Cylinder Wear Tests 


Treat- Exp. 


Material. T.C. Graph. C.C, 
ment. No, Per Per | Per 
cent. cent. cent. 
Standard centrifugal cast As cast 3.32) 2.64 0.68 
Chromium — cast iron, 7to10 3.37 2.65 0.72 
centrifugally cast and T. Riley 3.40 2.65 0.75 
6-Cyl. 
Nickel-chromium cast J O.-H. 9 60 | 0.68 
iron, centrifugally cast} and T. liners 
[ - 2to4 | 2.36; 1.10 | 1.26 
Nitrogen-hardened cast 0 1.10 
iron, centrifugally cast ‘Riley : 30 
{ - Star 2.8 


opened up for examination and wear measure- 
ment after 10x10°, 40x10° and 120x10° revolu- 
tions, corresponding to the approximate mileages 
of 2,500, 10,000 and 30,000 respectively. The 
engine was run at an average speed of 1,600 
r.p.m. when running under full-load conditions 
and developed under these conditions an average 
current of 120 amp. The engine was equipped 
with standard aluminium alloy pistons, piston 
and scraper rings. The maximum wear results 
are given in Table II. 


TABLE II.—Stationary Engine Tests Nos. 2, 3 and 4. 


Maximum wear in inches after— | miles per 
pore Material. | 
‘ | 10 x 106 | 40 « 106 | 120 x 106 120 x 106 
| revs. revs. revs. 
2 Nitrogen- 
hardened 
cast iron + 0.00025 + 0.00025 + 0.00125, 24,000 
3 | Standard 
unalloyed 
east iron + 0.00025 + 0.0005 | + 0.0025 12,000 


A further series of stationary engine tests, 
Nos. 7, 8, 9 and 10, were made with the object 
of determining the resistance to cylinder wear 
of nitrogen-hardened cast iron in comparison 
with that of chromium-alloy cast iron. The 
engine was equipped with two further nitrogen- 
hardened cylinder liners and two liners of centri- 
fugally-cast chromium-alloy cast iron. The com- 
positions and properties of these materials are 
recorded in Table I. The engine, equipped with 
standard aluminium-alloy pistons, piston and 
scraper rings, was run under conditions similar 
to the previous tests and was opened up fdr 
examination at the various stages recorded. 


Mechanical 
properties. 


Chemical composition. 


Si. Mn 8. P Ni. | Cr. Al 

Per Per Per Per Per Per Pet 

cent. cent. cent. cent. cent. cent. cent. ; 

2.11 0.88 0.07 0.69 - 16.9 20.5 238 
2.28 0.81 0.06 0.70 0.41 ye 21.3 260 
2.31 0.72 0.06 0.65 0.45 15.9 22.8 488 
2.08 0.70 0.06 0.62 1.21 0.48 16.1 22.7 502 
2.44 0.72 0.07 0.10 a 1.32 1.01 7 26.2 980 

Max. Max. 

2.58 0.61 ; 1.69 1 1,050 
2.02 : 0.69 1 1,050 
2. 0.75 1 980 


period of 30,000 miles, in which case the mean 
results are 27,000 miles per 0.001 in. for the 
nitrogen-hardened cast iron, and 12,125 miles per 
0.001 in. for the chromium-alloy cast iron. The 
mean values for the nitrogen-hardened cast iron 
in these experiments confirm those obtained in 
the previous experiments (Table II), and they 
show also that the chromium-alloy centrifugal 
cast iron gives results very little different from 
those of the unalloyed centrifugally-cast material. 

Road Tests.—In the two road tests recorded, 
the resistance to wear of nitrogen-hardened cast 
iron was determined in comparison’ with 
chromium alloy and nickel-chromium alloy cast 
irons in the hardened-and-tempered condition. 
The compositions of the materials used are re- 
corded in Table I, and the hardened-and-tem- 
pered materials were quenched in oil from 
875 deg. C. and tempered in a salt bath at 
375 deg. C. 

In the first of these two tests, a Riley six- 
cylinder car was used and fitted with dry liners, 
three of nitrogen-hardened cast iron and three 
of hardened-and-tempered chromium-alloy cast 
iron. The fitting of the liners was carried out 
under the same conditions as in the case of the 
stationary engine. The engine was run under 
ordinary road-service conditions for a_ total 
distance of 44,500 miles, and the wear test results 
then obtained are given in Table IV. 

For approximately the last 15,000 miles of this 
test the engine was run on fuel doped with Ethyl 
fluid. This was done with the object of ascer- 
taining whether the use of this fuel had any 
deleterious effect on the  nitrogen-hardened 
material. No sign of any effect was to he 
observed in any of the evlinder bores. 


TaBLE III.—Stationary Engine Tests Nos. 7, 8,9 and 10. 
| Maximum wear in inches after Wear in miles 
Bore — per 0.001 i 
per 0.001 in. 
No. faterial 40x 108 80 x x 108 | 160 x 10° after 160 x 
revs. revs. revs. revs, 10° revs. 
1 | Nitrogen-hardened cast iron + 0.00075 | + 0.00075 | + 0.001 + 0.001 40,000 
2 | Chromium cast iron on + 0.00125 | + 0.002 + 0.00325 | + 0.00325 12,300 
3 | Nitrogen-hardened cast iron + 0.00075 | + 0.00075 + 0.00125 | + 0.00125 32,000 
4 | Chromium cast iron = + 0.00125 + 0.001 + 0.002 + 0.0025 16,000 


These tests were continued for a period of 
160 x 10° revolutions, corresponding approxi- 
mately to 40,000 miles. The results obtained are 
set out in Table IIT. 

Taking into consideration the indication of 
the blank experiment, bores Nos. 1 and 4 may 
be expected to give somewhat higher results, and 


The amount of wear in each of the nitrogen- 
hardened liners in this test varied substantially, 
und most probably this is due to the fact that the 
liners had been protected from the hardening 
effect somewhat irregularly. The protection of 
the internal edge of the liners at the explosion 
end had been allowed to extend sufficiently far 
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into the bores to be definitely beyond the top 
limit of piston-ring travel. This was quite 
clearly the case in bore No. 2, and was dis- 
covered only when the test was well under way, 
The mean wear results from this test, however, 


TABLE IV.—Road Tests (Riley 6-Cylinder Car), 


Maximum 

Bore wear after Miles per 
No. 44,500 miles. 0.001 in. 

In. wear. 
1* + O.OLLS 3.870 
2+ 0.0085 5,250 
3* + 0.010 4.450 
4* 0.0085 5,250 
St 0.00275 16,200 
6+ 0.005 8,900 


Hardened and tempered. 
+ Nitrogen-hardened. 


gave the following values for each of the two 
materials :—Chromium-alloy cast iron, hardened 
and tempered: 4,520 miles per 0.001 in. wear. 
Nitrogen-hardened cast 10,100 miles per 
0.001 in. wear. 

The second road test was earried out on a six- 
evlinder Star engine fitted with ‘ wet ”’ liners. 
As in the former test, three nitrogen-hardened 


iron: 


TaBLE V.—Road Tests (Star 6-Cylinder Car; Wet 
Liners). 
Maximum Mile 
No. ondition of material. after 10,070 0.001 in, 
miles. In. 
1 Hardened tem- 
pered a + 0.00325 3,300 
2 Nitrogen-hardened + 0.0005 21,400 
3 Hardened and _ tem- 
pered a + 0.00325 3.300 
4 Nitrogen-hardened + 0.0005 21,400 
5 Nitrogen-hardened .. + 0.00075 14,250 
6 Hardened tem- 
pered + 0.0035 3,050 


and three hardened-and-tempered liners were 
fitted. The liners were fitted to the engine by 
the makers. In this case the hardened-and- 
tempered liners used were made from a nickel- 
chromium alloy cast iron of a composition as 
given in Table [. This test was run under 
road-service conditions over a distance of 10,070 
miles, and the results obtained are set out in 
Table V. 


TaBLeE VI.—Comparison of Stationary Engine Tests 
and Road Tests. 


| Wear. Wear, 
Total | Miles Total | Miles 
Material. mile- | per | mile- | per 
age. 0.001 age. 0.001 
in. in. 
Stationary engine tests 
Centrifugal cast iron, 
standard to B.S.I. 
Spec.4K6.. 30,000, 12,000 — 
Chromium alloy cast 
iron, centrifugally 
cast .. 30,000) 9,250 40,000 12,300 
Nitrogen-hardened cast 
iron .. 30,000, 24,000 40,000 32,000 
Road Tests— 
Centrifugally-cast chro- 
mium cast iron, hard- 
ened and tempered = — 40,000 4,520 
Centrifugally-cast nickel- 
chromium cast iron, 
hardened and tem- 
pered .. 10,000, 3,220 
Nitrogen-hardened cast 
iron .. 10,000 19,020 40,000: 10,100 


The mean wear values for each of the mate- 
rials in this test are:—Nickel-chromium cast 
iron, hardened and tempered: 3,220 miles per 
0.001 in. wear. Nitrogen-hardened cast iron: 
19,020 miles per 0.001 in. wear. 


(Concluded on page 165.) 
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Hot Blast Cupolas, 


In a Paper which Mr. F. K. Vian presented 
to the World Power Conference on ‘‘ The Griftn 
Process—A New Process for Increasing and Con- 
serving Heat Energy in Cupola Furnaces by 
Means of a Positively Regulated Preheated 
Blast,’ the author resumes his studies in the 
following statement :— 

Iron has been melted in shaft furnaces since 
prehistoric times with practically no improve- 
ment in the principles involved. <A review of 
the analysis of the gases of combustion is a 
reliable index of the reactions that are taking 
place in the combustion zone and point out the 
magnitude of certain of heat energy. 
Notwithstanding this valuable information it is 
seldom used. However, a detailed study of 
this important field led to the development of 
the Griffin Process by the application of posi- 
tively regulated preheated air for combustion in 
cupola practice. This is a radical evclution 
which introduces a new and hitherto unknown 
process, by which there is a decided change in 
the relationship between air requirements, coke, 
total heat and ratio of heat absorbed by the iron. 

Present installations have demonstrated the 
characteristics of preheated blast between the 
limits of zero and 600 deg. C. There is no 
thermal reason why preheating should not be 
carried higher. More than two million tons of 
iron have been melted in these cupolas since the 
first installation in 1926. The average saving 
in coke has been 40 kg. for each metric ton 
melted, or a total saving of over eight hundred 
thousand dollars, which is more than twice the 
combined cost of all the installations. 

Present experience demonstrates the following 


losses 


advantages for various degrees of preheating :— 
Deg. C. 
Temperature of blast ds .. 0 300 600 
Per cent. increase heat developed... 0 16 32 
Per cent. increase in ratio of heat 
absorbed 22 30 


Per cent. increase iron melted... 0 42 7 
Per cent. decrease in air require- 


ments per unit of iron melted 0 21 28 
Per cent. decrease in air pressure... 0 37 50 
Per cent. cupola efficiency ... ... 38.5 55.3 65.9 
Per cent. of heat absorbed by iron 59 73.3 76.8 
Per cent. efficiency combustion 63.2 77.4 86.4 

(1) A very material reduction in the amount 


of limestone and slag per unit of iron melted; 
(2) higher temperature and greater fluidity of 
the iron, hence, lighter and stronger castings; 
(3) a decided reduction in foundry and miscel- 
laneous losses; (4) the iron is quiet, frees itself 
rapidly trom occluded slag and gases and 
approaches the quality of iron produced in the 
electric furnace ; (5) the process is more sensitive 
to the production of iron of specified chemical 
and physical properties; (6) lighter and stronger 
castings are produced; (7) there is no heat at 
the charging doors, thereby improving working 
conditions when charging by manual labour; (8) 
there is an appreciable saving of Jahour in hand- 
ling slag, coke and limestone, and (9) there is 
an appreciable reduction in power requirements 
for producing blast pressure. 

It is quite evident that the Griffin Process 
introduces a wide range of economies and often 
the economy in fuel becomes a secondary con- 
sideration, although in many installations the 
Saving in coke for one year has paid for the 
installation. 

Mr. Vial includes a table showing the coke 
consumption under cold- and hot-blast conditions 
in 23 plants installed in the U.S.A. The maxi- 
mum and minimum coke consumptions under the 
two conditions are listed as 23.8 per cent. (for 
sash weights) and 12.0 per cent. (for railway- 
truck wheels) when working with a cold _ blast 
and 17.2 per cent. (again for sash weights) and 
7.9 for wheels under hot-blast conditions. The 
average saving shown by the table is 29.7 per 
cent. The figures given include bed coke. 
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The Effect on Various Steels of 
Hydrogen at High Pressures and 
Temperatures.* 


By N. P. and W. ANpDREws. 


CONCLUSIONS. 

The work described in this Paper has resulted 
in much data being obtained regarding the 
action of hydrogen, at 250 atm. and tempera- 
tures up to 500 deg. C., on most of the generally- 
used steels. The following are the principal 
conclusions which have arisen from this work :— 

At high pressures hydrogen will attack steel 
at much lower temperatures than those causing 
attack at normal pressure. 

In the first stage of the attack the steel 
absorbs hydrogen, and this will cause embrittle- 
ment even though no decarburisation or disin- 
tegration has occurred. At this stage the steel 
can be restored to its original state of ductility 
by a suitable heat-treatment to drive off the 
hydrogen. In the later stages of attack the steel 
becomes decarburised and fissured, with conse- 
quent severe loss in strength and ductility. 

The factors which determine the degree of 
attack are as follow: (a) Temperature, (b) pres- 
sure, {c) stress, (d) composition of the steel, 
(e) structure of the steel. 

In any one steel the critical conditions giving 
rise to attack vary according to the structural 
condition of the steel, that is, according to the 
heat-treatment. For any one steel, the best 
‘structural condition is one in which the grain- 
size is small, and, in general, the hardened-and- 
tempered condition is recommended. 

The limiting temperature giving rise to attack 
on mild steel may vary 50 to 100 deg. C., de- 
pending on the precise structural condition. A 
large thick-walled vessel, in which the desirable 
structural condition cannot be attained, may be 
attacked at temperatures as low as 200 deg. C., 
but smaller vessels in the same composition can 
be heat-treated to give satisfactory resistance 
at 200 deg. C. 

The generally-used engineering alloy steels, 
such as_ nickel-chromium, nickel-chromium- 
molybdenum, chromium-vanadium, chromium- 
molybdenum steel, etc., have superior resistance 
to mild steel. The difference in structure be- 
tween large and small vessels, after heat-treat- 
ment, is much less than with mild steels, since 
these alloy steels are more responsive to heat- 
treatment. In the properly heat-treated con- 
dition, the limiting temperature causing attack 
of these steels at 250 atm. is between 300 deg. 
C. and 350 deg. C. 

In connection with the limiting temperatures 
causing attack, the effect of variations in the 
structure throughout any one tube or vessel must 
be appreciated. For example, it has been found 
that even a light sealing weld may alter the 
structural condition of the steel in the imme- 
diate neighbourhood of the weld to such an 
extent that attack will occur there under con- 
ditions which do not cause attack of the re- 
mainder of the steel. It is necessary, therefore, 
to heat-treat such parts after welding. 

Tt is shown that additions of chromium 
to steel progressively improve the resistance to 
hydrogen attack. Thus a 3 per cent. chromium 
steel is resistant, at 250 atm., up to 400 deg. C., 
but is appreciably attacked at 450 deg. C. On 
the other hand, a 6 per cent. chromium steel is 
resistant up to 500 deg. C. at least. 

Chromium-nickel austenitic steels are not dis- 
integrated by hydrogen at 250 atm. and tem- 
peratures up to 450 deg. C., but these steels 
absorb large quantities of hydrogen under these 
conditions and consequently suffer severe em- 
brittlement. The ductility can be restored by 
heat-treatment to expel the absorbed hydrogen. 
They also undergo the familiar ‘‘ boundary car- 
bide’ precipitation under these conditions. 


* Paper read at the Autumn meeting of the Iron and Steel 
Institute. 
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The Resistance to Wear of Nitrogen- 
Hardened Cast Iron, 


(Concluded from page 164.) 


Summary. 

The comparative resistance to wear of 
nitrogen-hardened cast iron and several other 
types of cast iron was investigated under in- 
ternal-combustion (petrol) engine cylinder con- 
ditions. The experiments were made 
stationary test engine and under road-test con- 


on a 


ditions. The results obtained are summarised 
in Table VI. 


A strict comparison of the results can be made 
only on the basis of equal mileages. At a mile- 
age of 30,000 in the stationary-engine tests, a 
comparison can be made between nitrogen- 
hardened cast iron, standard centrifugally-cast 
and chromium-alloy cast iron. At this mileage 
the ratio of the resistance to wear of nitrogen- 
hardened cast iron to standard centrifugally-cast 
iron is as 2:1 and to chromium-alloy cast iron 
as 2.6:1. At a mileage of 40,000, the ratio 
of the nitrogen-hardened to the chromium-alloy 
cast iron still remains the same at 2.6:1. In 
the tests under road conditions, the wear value 
in miles per 0.001 in. of wear is smaller in magni- 
tude than under the stationary-engine con- 
ditions, but at a mileage of 40,000 the ratio of 
the nitrogen-hardened to the hardened-and-tem- 
pered chromium-alloy cast iron is 2.2: 1, a figure 
which is in close agreement with the stationary. 
engine tests. The ratio at 10,000 miles is much 
higher in favour of nitrogen-hardened cast iron, 
but in view of the comparatively short duration 
of this test the results are omitted from this 
summary. 

It is a matter of general interest to note that 
the differences between the wear values of ordi- 
nary casi iron, alloy cast irons and hardened- 
and-tempered cast irons of the types experi- 
mented with are not of a very large order. 

These results demonstrate clearly the improved 
nesistance to wear under internal-combustion 
(petrol) engine cylinder conditions of cast iron 
surface-hardened by the nitrogen-hardening pro- 
cess. They also may be used to demonstrate the 
stability of the nitrogen-hardened surface under 
these same conditions. 

In a short test using petrol doped with Ethyl 
Fluid, no effect due to the presence of the Fluid 
was observed 


The Iron and Steel Institute. 
(Concluded from page 162.) 


The Lord Mayor and the Vice-Chancellor then 
withdrew. 

The minutes of the last meeting were then 
taken as read and confirmed. 

Messrs. D. H. Turner and A. ALLISON were 
appointed scrutineers of the ballot for the 
election of new members. 

The Secretary (Mr. K. Headlam-Morley) an- 
nounced that in accordance with Bye-law 10 the 
following members of Council would retire in 
rotation at the next annual meeting :—Vice- 
Presidents: Messrs. A. Hutchinson, John Craig 
and E. H. Saniter. Members of Council: 
Messrs. E. J. George, J. S. Hollings, W. J. 
Brooke, F. Clements, H. C. Bond. 


Electric Furnaces.—The principles and construc- 
tion of electric furnaces are dealt with in great 
detail in the book ‘‘ Grund-lagen des elektrischen 
Schmelzofens.”’ by Dr. J. Worscuxe, forming 
monograph No. 50 of the series ‘‘ Monographs on 
Applied Electro-Chemistry,”” published by W. 
Knapp. Halle a.d. Saale. In a thesis submitted to 
the Technische Hochschule, Berlin, K. Recute 
describes theoretical and experimenta] investiga- 
tions on the coreless induction furnace, while in s 
special supplement to Elektrowarme,” O, JUNKER 
deals with a new arrangement of metallic heating 
elements for industrial electric furnaces. 


uite 
dis- | 
\ ay. | 
ver, 
| 
two 
ned 
par, 
per 
| 
SIX- 
ers, 
ned | 7 
t 
per | 
lin. | 
| 
00 
00 
00 
OO 
50 
50 
by 
nd- 
<el- 
as 
der 
070 
in 
ar, 
les 
300 
00 
at 
920 
100 
te- 
ast 
per 
n: 
a 


FOUNDRY TRADE JOURNAL. 


This Week’s News in Brief. 


Trade Talk. 


Four FURNACES at the Appleby Steelworks, Scun- 
thorpe, produced 8,575 tons of steel for the week 
ending September 2. 

Memsers of the Manchester Association of En- 
gineers are to visit the extensive works of Messrs. 
Henry Simon, Limited, on Saturday, September 30. 

South DurHam Iron & Street Company, 
are able to report rapid progress in the demand for 
the special alloy steels which they commenced to 
manufacture two years ago for the motor industry. 

THe VauGHaN Crane Company, LiMiTED, Man- 
chester, have secured two orders for electric cranes 
and traversers, one from a firm of copper refiners, 
and the other from the Great Southern Railways of 
Ireland 

AN OUTBREAK OF FIRE occurred at the works of 
the Low Moor Best Yorkshire lron, Limited, of 
Low Moor, Bradford, last week. The outbreak was 
caused through gas catching fire, and the flames 
spread to a nearby shed. 

Heap Wricutson & Company, Limirep, have 
menced at their works at Thornaby-on-Tees the 
manufacture of stainless-steel studs used in road 
construction, and by so doing have virtually created 
a new industry on Tees-side. 

FoLtLow1Nnc the placing of a substantial order for 
steel pipes with the British Mannesmann Tube Com- 
pany: Limited. Newport, a few months ago by the 

Rand Water Board of South Africa, this firm 
now secured an extension of that order. 

THE PARTNERSHIP between Messrs. Henry Carter 
and John Thomas McCulloch, carrying on business 
as ironfounders, at Parkfield Foundry. 101. Jack 
Lane, Hunslet, Leeds, under the style of Parkfield 
Foundry Company, has been dissolved by mutual 
consent. 

CLEVELAND STEEL CAsSeMENTS, are to 
transfer their works to larger premises in Middles- 


com- 


has 


brough owing to the rapid growth in business. The 
company manufactures steel window-fiames and, 
although it only commenced in March, 1932, is 


building up one of Tees-side’s new lighter industries. 

Sir STEPHEN Bistanp, speaking at a meeting of 
Glasgow Chamber of Commerce, of which he is the 
President. on Monday, declared that an all-round 
improvement was taking place in local industries, 
particularly in iron, steel and shipbuilding. There 
was a better outlook for a steady and slow improve- 
ment. 

Dorman, Lona & Company, Liurrep, report that 

‘Chromador ”’ steel (a new high-grade structural 
Wy superior in its physical properties to ordinary 


mild steel) will be used in the following recent 
contracts amongst others: The Storstrom Bridge. 
Denmark; Staff Annexe, Regent Palace Hotel. 


London; Hong Kong & Shanghai Bank, Shanghai. 

MAnvuracturerRS of tubes and pipes in Hungary 
are reported to be negotiating a national cartel in 
order to eliminate the keen competition in this 
branch of the trade, which has caused many makers 
to sell their products at a_ loss. No immediate 
increase in prices is expected as a result of this 
agreement. 

Tue ‘“ Lima.”’ one of a series of vessels built by 
Messrs. Yarrow & Company. Limited. Scotstoun, 
Glasgow, for the Portuguese Government, has com- 
menced an exhaustive series of trials on the Clyde. 
The ‘‘Lima’’ has been designed for a speed of 
36 knots, and one of the outstanding features is her 
maneuvring power. 

WE ARE INFORMED by Messrs. T. W. Ward, 
Limited, of Albion Works, Savile Street. Sheffield, 
and elsewhere, that as from September 15 they are 
entrusted with the sole selling agency for ‘‘ Shott’s ”’ 
pig-irons in areas south of Lancashire. Cheshire and 


Yorkshire. As is well known, Shott’s iron is manu- 
factured from the original Blackband ironstone 
in coal-fired furnaces and ranks high amongst 


Scotch pig-irons. 

Messrs. Dorman, Long & Company. Limited, 
to build a new bridge across the Fraser River, near 
Vancouver. A message from Vancouver states that 
financial arrangements for the project. which will 
cost approximately $2,000,000 (£400,000). have been 
completed. The message adds that officials of the 
firma will leave London for Canada within the next 
few weeks, and construction of the bridge will 
commence shortly. 

THe Bencat Company, 
profit for the year to March 31, 
After deducting depreciation, etc., 
balance for the year of £49,120, 


are 


LIMITED. report a 
1933. of £48,083. 
there is a debit 
which is added to 


the debit balance brought forward from last account, 
£112,884—-thus making the balance to be carried 
forward at the debit of profit and loss account, 
£162,004. The blast furnaces still remain shut down, 
owing to the lack of demand for pig-iron. The 
foundries have only been very moderately employed 
during the year, although recently orders have 
become much more plentiful. The coal trade has 
remained in a depressed condition, but the general 


outlook for business in India is distinctly better, 
it is stated. 

WoRK HAS BEEN COMMENCED by Messrs. William 
Simons & Company, Limited, Renfrew. on two 
dredgers for overseas owners. One of the vessels 
is a Diesel-engined 27-in. cutter-suction reclamation 
dredger for the Burmah Oil Company, Limited, 


which will be the biggest 
built in Britain. The pumping equipment will be 
of massive dimensions, with two of the pumps 
arranged to work in series and to deliver 1,000 tons 
of solids per hour to an elevation of 38 ft. at the 
end of a mile and a-half of pipe lines. The suc- 
tion frame will be long enough to dredge a “tigi 
of 40 ft. The pumps will be operated directly by 


dredger of the type ever 


a Diesel engine of the trunk piston type, and the 
cutter gear and other dredging machinery will be 
electrically operated from current supplied by Diesel- 
driven generators. 

Messrs. Stewarts anp Lioyps, Liurrep, Vulcan 
Works, Motherwell, have been very busy with a 
large South African order for the last four months. 
but they have now slackened down owing to the 
completion of the order. As a _ result. about 200 


men have been temporarily suspended. 
at Messrs. Stewarts and Lloyds’ Clydesdale Steel 
Works at Mossend have been informed that the 


works are not likely to be transferred to England— 
at least, 


The workers 


not for a very long time. Since the firm 
began to erect works at Corby there have been per- 
sistent rumours that Clydesdale works were to be 


transferred. <A 
the management, 
and were 


deputation of workers approached 
asking if such a course was likely, 
informed that nothing had been decided, 
nor is there any likelihood of an immediate change. 
At the moment the works are fully employed, and 
six large melting furnaces are in operation. 


New Companies. 


Tower Foundry, 
shares. 
Gables, 
Briggs. 

A. J. Andrews, Limited, 
Place, London, E.C.1.—Capital 
etc. Directors: A. J. H. 
Andrews. 


Limited.—Capital 
Permanent directors: R. G. 
” 509. Loughborough Road, 


£100 
Briggs, 
Birstall ; 


in £1 
The 
J. B. 


Audrey House, Ely 
£1,000. Engineers, 
Andrews and G. A. 


W. J. Meddings and J. Whitehead, Limited, 
Avenue Works, Avenue Road, Harlesden, London. 
N.W.10.—Capital £1,000. Engineers, etc. _Direc- 
tors: W. J. Meddings and J. Whitehead. 


W. & J. A. Baxter, 
£1 shares. Iron and steel 
W. Baxter, 254, Abbey 
Baxter. 

Bale, Sons & Company, Limited, Bath 
Bridgwater.—Capital £3,000 in £1 shares. 
founders. Permanent directors: I. J. Thomas, 
Harris and N. A. Appleton. 


Capital £2,000 in 
merchants. Directors: 
Lane, Sheffield, 8; J. A. 


Road, 
Tron- 


Company Reports. 


Ferranti, Limited.—Net profit, 
in, £41,5 


£57,869; brought 
45; 
of 6 


preference dividend, £35,000; dividend 
per cent. on the ordinary shares, £18,000; 
carried forward, £46,414. 

Radiation, Limited.—Interim dividend 
ordinary shares of 7$d. per share 
actual), less tax, and an interim 
preference shares of 3 per cent. actual, less 
for the half-year ended June 30, 1933. 

R. & W. Hawthorn Leslie & Company, Limited.— 


the 
cent. 
the 
tax, 


on 
(34 per 
dividend on 


Debit balance for the year to June 30 of £1,193, 
which, deducted from £11,107 brought in, leaves 
£9.914 to be carried forward. A further gain was 


made on sale of investments, and after meeting a 
loss of nearly £12,000 sustained by a clearance order 


and providing further reserve against loss on invest- 


ments there remains £9,138. Out of this the 
directors recommend a distribution of 3d. per 
share, amounting to £8.957. 
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Personal. 
Baitie James Sym, J.P... who has been a member 
of the Kilmarnock Town Council since 1914, has 


completed sixty years’ service with Messrs. Glenfield 
& Kennedy, Limited. of Kilmarnock. 

Mr. P. Murpocw was made the recipient of a 
handsome fruit-bowl, the gift of the pattern depart- 
ment of the Diamond Foundry Company. on the 
oceasion of his retirement from the position of fore- 
man of that department. Mr. Murdocl 
foreman at Luton for 33 years, and the 
an expression of the esteem and_ respect 
he has at all times held by those 
charge. 

Mr. W. F. Garpner, 
railway engineer, received a presentation from his 
colleagues in Glasgow last week on the occasion of 
his retirement from the London Midland & Scottish 
Railway Company. Mr. Gardner was trained under 
Sir William Robertson Copland, and was responsible 


has been 
gift was 
in which 
been under his 


a well-known Scottish 


for the design of a large number of bridges and 
viaducts. His association with railway work be- 
gan in 1889, when he entered the service of Messrs, 
Formans & M‘Call. In 1893 he was engaged by 
the old Caledonian Railway and > 


Company. subse- 

quently became assistant and deputy to the engineer- 

in-chief. Since the railway amalgamation in 1923 

he has been serving in a similar capacity to the 

divisional engineer Scotland of the L.M.S. 

Wills. 

HuntLey, Ropert, of Sheffield, managing 
director of Messrs. Robert Huntley. 
Limited, iron and steel merchants 

FowLerR, ALFRED, chairman of Messrs. 
John Fowler & Company (Leeds). 
Limited, engineers 

Macautay, K. A., late managing director 
of Messrs. Chance Bros. & Company. 
Limited, Smethwick 

Marcu, S. H., of Leamington Spa, for- 
merly of Chorlton, Manchester, engi- 
neer, head of the agency department 
of Messrs. Alfred Herbert, Limited, 
Coventry, a former vice-president of 
the Machine Tool Association of Great 
Britain 


for 


£7.393 


£104.020 


£48,904 


£24,944 


Contracts Open. 


Buenos Alres, October 17. 17.—56 switch points and 
crossings and 7,300 pairs of fishplates, for the 
Argentine State Railways. The Department of 
Overseas Trade, 35. Old Queen Street. London, 
S.W.1. (Reference G.Y. 12.945.) 

Pauiton, October 9.—Provision 
790 yds. of 3-in. water mains, 
Paulton, for the Clutton Rural District Council. 
Mr. F. J. L. Brown, Council Houses. Farrington 
Gurney. (Fee £1 1s., returnable. ) 

Australia, December 20.—Diesel engine for rail- 
car operation, for the Public Stores Department, 
Adelaide. The Department of Overseas Trade. 35, 
Old Queen Street. London, S.W.1. (Reference 
G.Y. 12,934.) 

Brazil, October 13.--16 metallic superstructures 
for new viaducts across the River Jacuhy, including 
four steel spans of 26 metres and 12 of 25.4 metres, 
for the Rio Grande do Sul State Railways. The 
Department of Overseas Trade, 35, Old Queen 
Street, London, S.W.1. (Reference G.Y. 12.927.) 


and laying of 
in the parish of 


Obituary. 


Mr. ALEX. CALDWELL. who 
manager at the Clydesdale 
has died in his 59th year. 

THE DEATH OCCURRED at his residence 
Cults. Aberdeen. of Mr. James Younget 
partner in the firm of Messrs. Hall. 
pany, Limited, Aberdeen. 

Mr. Harry WEstwoop 
Sunday, September 10. 


test-house 
Glasgow, 


been 


Works. 


has 
Steel 


in West 
Hunter. a 
Russell & Com- 


WaLpRon, who died on 
at his home at Wednesbury, 
in his 56th year, was for many years prominently 
associated with the edge-tool industry. He was 
associated with Messrs. Edward Elwell. Limited. of 
Wednesbury, for 33 years. He was appointed a 
director of the firm in 1915, and was also a director 


of Amalgamated Edge Tool Industries. Limited. 
Mr. Waldron had been a member of the Stafford- 


shire Iron and Steel Institute for 30 years and a 
member of the Council of the Institute for the past 
two years. He was also a member of the Birming- 
ham Metallurgical Society. 
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The 


BEGINNING of a 
SOUND CASTING 


is a sound ingot 


Founders have every assurance 
that B.A.Co. virgin aluminium 
notched bars (98/99°, and 
higher purities) and ready 
mixed alloys will meet their 
needs. 


Hints on successful aluminium 
founding are given in our data 
book No. 328 (‘* Aluminium 
Foundry Data’): copy free 
on request. 


The illustration shows a tilting 
furnace as used in_ large 
foundries. 
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AND 


A\ LIGHT ALLOYS 


THE BRITISH ALUMINIUM C° LT°, 
ADELAIDE HOUSE, KING WILLIAM STREET, LONDON. E.C.4. 
TELEPHONE: MANSION HOUSE & 8074(SLINES) TELEGRAMS:CRYOLITE, BILGATE,LONDON, J, 21.0.52, 


LONDON : MANCHESTER : NEWCASTLE 


No. S.F. 26 dealing with “ Sirocco”? Fan Manutactures 
for moderate and high pressures. It includes some 
interesting examples of recent installations and contains 
detailed and accurate information concerning duties, 
weights and dimensions for the wide range of sizes and 
designs listed. In addition, numerous tables assist in deter- 
mining the most suitable “ Sirocco”? Fan Equipment for 


use under diverse operating conditions. 
<1 copy for reference is indispensable. 
Write to 


DAVIDSON & CO., LIMITED, 
SIROCCO ENGINEERING WORKS, BELFAST. 


BIRMINGHAM : CARDIFF : BRISTOL : GLASGOW : DUBLIN 
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Raw Material Markets. 


Sales of iron and steel materials to home consumers 
are gradually expanding. and inquiries from overseas 
are also showing expansion, there being firm hopes of 
increased business in the latter direction. Not a 
great deal of new business is being done on the pig- 
iron markets. but the level of deliveries to consumers 
is well maintained. Satisfactory sales of semi- 
finished steel are being made, the British works 
having a secured market, and prices show a firm 
tendency. Finished-steel sales are slow to improve. 


Pig-lIron. 


MIDDLESBROUGH.—The Cleveland iron trade is 
experiencing gradually-improving conditions. Heavy 
despatches of iron are being made to Scottish and 
local users. and occasional overseas sales are reported, 
quotations in the latter market varying considerably. 
The total consumption is now well in advance of the 
current output, and, as stocks have been considevr- 
ably reduced. an increase in the number of furnaces 
in blast should not be long delayed. There has been 
no alteration in prices. No. 3 G.M.B. is at 62s. 6d. 
delivered in the Tees-side area, 64s. 6d. delivered 
elsewhere in the North-East district, 62s. 3d. de- 
livered Falkirk. and 65s. 3d. delivered Glasgow. 
No. 1 is at a premium of 2s. 6d., and No. 4 foundry 
and No. 4 forge are at a discount of Is. 

The firmer tone that has characterised the East 
Coast hematite market recently is fully maintained. 
However, consumers have made considerable pur- 
chases lately. in view of the probability of higher 
prices, so that activity on the market will necessarily 
be somewhat limited for a period. The steady con- 
sumption, both in the local works and other steel- 
making centres, is gradually helping to reduce the 
heavy stocks held by the producers. Export quota- 
tions are still irregular, but home prices are un- 
altered at 59s. for mixed numbers and 59s. 6d. for 
No. 1 quality. 


LANCASHIRE.—New pig-iron business is rather 
scarce at the moment, but this can be attributed to 
the after-effect of the buying movement experienced 
in this market seven or eight weeks ago. The 
quantity of work available for the jobbing foundries 
in this district is not very satisfactory. Prices show 
no alteration. Quotations are maintained. For 
delivery to users in the Manchester price zone, 
Derbyshire, Staffordshire and North-East Coast 
brands of No. 3 iron are all on offer on the basis of 
67s. per ton, with Northamptonshire at 65s. 6d.. 
Derbyshire forge at 62s., Scottish foundry at around 
$0s.. East Coast hematite at about 74s. and West 
Coast hematite at up to 81s. Offers of machinery 
scrap for delivery to Lancashire users range from 
about 32s. 6d. up to 40s. per ton, abundant supplies 
being available. 


MIDLANDS.—The call from the ironfounders for 
pig-iron supplies has. so far this month, been on a 
better scale than during August, the busiest section 
still being the light-castings manufacturers. Most of 
the founders are already covered for supplies, in some 
cases having contracts running well into the new 
year. Prices are unchanged at 62s. 6d. for Northants 
No. 3 and 66s. for Derbyshire. Lincolnshire and 
North Staffordshire No. 3, including delivery to Bir- 
mingham and Black Country stations and subject to 
a graduated rebate for large consumers. Continental 
foundry iron is not competitive in the Midlands anc 
the Cleveland makers are not now prepared to sell 
their iron at the same level as for Derbyshire No. 3. 
Special irons in the low-phosphorus category are 
offered at between 70s. and 85s., the latter figure 


being the price for Scottish No. 3. For cylinder 
and allied work where special refined iron is used, 
the prices range from £5 up to £6 15s. 

SCOTLAND.—Slightly more confidence is felt in 
the future of the Scottish pig-iron market, but, 
for the moment, the foundries continue to take only 
their day-to-day requirements. Under the fixed-price 
system, there is little inducement to the founders to 
indulge in forward buying. Full time is now general 
in the light-castings trade, the recent improvement 
being well maintained, and there is a good demand 
for Cleveland iron. Scottish foundry iron remains at 
65s. f.o.t. furnaces for No. 3, No. 1 grade being 
2s. 6d. dearer. No. 3 Middlesbrough is at 62s. 3d. 
f.o.t. Falkirk area and 65s. 3d. f.o.t. Glasgow area, 
No, 4 being Is. per ton less. Other English irons 
are offered at from Is. 3d. to 2s. 3d. below these 
levels. 

Coke. 

The possibility of enhanced prices in the foundry- 
coke market has caused a certain amount of activity. 
Current quotations are as follow:—Best Durham 
coke, 36s. to 38s. per ton; other grades, 33s. 6d. 
to 38s. 6d.; Scottish low-ash coke, 39s. to 40s.: 
Welsh coke, 38s. to 45s. per ton, delivered Midland 
stations. 


Steel. 


Business is developing on steady lines, and the 
demand from the home market is increasing as a 
result of seasonal influences. In the semi-finished 
steel market business has been quieter, but this is 
probably due to many buyers having bought for- 
ward recently. Specifications against these contracts 
are coming forward with satisfactory regularity. 
and the British works producing this class of mate- 
rial are in a good position as regards work in hand. 
Competition from the Continent in the home market 
has been insignificant, although a few transactions 
have been reported. The British works have ex- 
perienced more competition in the finished-steel de- 
partment, as the recent movements of the exchange 
have enabled the sterling prices of Continental mate- 
rial to be reduced. The greater part of the home 
trade business, however, has gone to the British 
makers, whose position is steadily improving. The 
demand from overseas is poor and is confined largely 
to small parcels. 


Scrap. 


Steady conditions continue to be witnessed in the 
scrap-iron markets, prices showing an upward ten- 
dency. In the Cleveland area. market conditions 
ave already improving. and _ still further  expan- 
sion in the demand for scrap iron is generally looked 
for. There continues to be a good demand from 
founders in the Midlands, where heavy machinery 
metal is at 47s. 6d., good heavy pipe and plate scrap 
at 45s.. and clean light at 40s. per ton, all delivered 
works. Prices are firm in Scotland. but 
new business is on rather a poor scale just now. 
Similar conditions prevail in South Wales. 


Metals. 


Copper.—Dealings on the standard copper market 
in London have been limited, speculative interest 
being largely absent, owing to the uncertainty of 
the American situation. The demand for electrolytic 


SEPTEMBER 21, 1933. 


metal from consumers is also poor at the moment, 
and it seems that little buying will be seen until the 
present unsettled financial situation is ended, par- 
ticularly as regards the possibilities of inflation in 
America. A feature of the market is the continued 
scarcity of good-class copper scrap. Brass swart is 
also in unusually strong demand from the Continent, 
and the price has correspondingly increased. 

The week’s prices have been as follow :— 

Cash.—Thursday, £35 18s. 9d. to £35 = lis., 
Friday, £35 8s. 9d. to £35 10s.; Monday, £35 6s. 3d. 
to £35 8s. 9d.; Tuesday, £34 15s. to £34 I6s. 3: 
Wednesday, £34 lls. 3d. to £34 13s. 9d. 

Three Months.—Thursday, £35 16s. 3d. to 
£35 17s. 6d.; Friday, £35 12s. 6d. to £35 13s. 9d 
Monday, £35 10s. to £35 Jls. 3d.; Tuesday. 
£34 18s. 9d. to £35; Wednesday, £34 15s. 
£34 16s. 3d. 


Tin.—Generally speaking. buying of tin by con- 
sumers, both in this country and the United States, 
has been rather limited during recent weeks. The 
course of prices in this market seems to hinge largely 
on the American situation, and the demand in thie 
latter market seems to have fallen away lately. 
The U.S. tinplate mills continue to enjoy exceptional 
activity, having lately worked at as much as 95 per 
cent. of capacity. Much of this activity, however, 
is due to the placing of a large number of orders by 
tinplate consumers, and others, before August 19, 
the effective date of the ‘‘ code.’ It is probable that 
many of these specifications will be placed into 
stock, and that there will be a slowing-down of 
activity at the tinplate mills. with a consequent 
reduction in the demand for tin. 

Daily quotations :— 

Cash.—Thursday, £216 10s. to £216 15s.; Friday, 
£217 15s. to £217 17s. 6d.; Monday, £217 12s. 6d. 
to £217 15s.; Tuesday, £216 5s. to £216 10s.; 
Wednesday. £216 10s. to £216 12s. 6d. 

Three Months.—Thursday, £216 10s. to £216 15s. ; 
Friday, £217 15s. to £217 17s. 6d.; Monday. 
£217 12s. 6d. to £217 15s.; Tuesday, £216 5s. to 
£216 10s.; Wednesday, £216 10s. to £216 12s. 6d. 


Spelter.—The spelter market has been steady. 
report Messrs. Rudolf Wolff & Company. The metal 
which arrived earlier in the month has now been 
disposed of and the market in consequence displays. 
on the whole, a rather firmer undertone, particularly 
for the earlier deliveries. Although trade demand in 
this country has been quieter again, consumption is 
generally reported to be well maintained; simila: 
conditions also prevail on the Continent. The tech- 
nical position may be said to have improved conse- 
quent on the recent liquidation, and as the statistical 
position, according to Continental reports, still shows 
improvement (a further decrease of about 3,000 tons 
is estimated in the Cartel stocks for August). it 
seems reasonable to anticipate further moderate 
recovery in price. 

Price fluctuations :— 

Ordinary.—Thursday, £17; Friday, £16 17s. 6d. ; 
Monday, £16 18s. 9d.; Tuesday, £16 16s. 3d.; 
Wednesday, £16 16s. 3d. 


Lead.—Plentiful supplies of this metal have been 
on offer, a factor which has tended to keep prices at 
reasonable level. The trade demand has been 
moderate. one or two users having been attracted 
by current quotations. A fair amount of speculative 
support has been forthcoming. This market will 
probably respond quickly to any increased activity 
in the lead manufacturing industry. 

Daily market prices :— 

Soft Foreign (Prompt).—Thursday, £11 15s. ; 
Friday, £11 18s. 9d.; Monday, £11 18s. 9d.; Tues- 
day, £11 16s. 3d.; Wednesday, £11 16s. 3d. 


Telephone: 3852 (2 Lines). 


CAST IRON FLANGED PIPES 
2in—12i. & CONNECTIONS. 0024 india 


WE HAVE FIFTY-TWO YEARS OF ACCUMULATED EXPERIENCE AND METAL PATTERNS. 


JAMES & RONALD RITCHIE, LTD., 
MIDDLESBROUGH. 


Telegrams : “ Ritchie, Middlesbrough.” 
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Perfect combustion under the most exacting 
conditions is available for your furnaces. 


HE highest attainable temperature for 

heating is obtained with pulverised coal 
due to the intensive mixing of the correct quantity 
of air with the fine coal particles, thus ensuring 
a high rate of heat transfer from the hot 
gases to the mass to be heated, giving : 


1. GREATER OVERALL EFFICIENCY. 


2. MORE UNIFORM QUALITY OF 
PRODUCT. 


3. REDUCING THE TIME CYCLE OF 
OPERATIONS. 


These conditions are attainable by the use of a 
lower grade of fuel at a price appreciably less 
than that previously used, also in many cases with 
a greatly reduced staff necessary for controlling 
combustion conditions. The fullest details of the 
specific application of the Buell System to your 
type of plant will be willingly sent on request. 


Write to: 


Works: EDGAR ALLEN & CO., LTD., Imperial Steel Works, Sheffield. 


THREE TYPICAL 
BUELL INSTALLATIONS. 


17-TON ANNEALING 
FURNACE. 

Cost of coal used : 

Quantity of fuel consumed .. 


5 - TON ANNEALING 
FURNACE. 
Cost of coal used 


Quantity of fuel consumed per 
ton of castings 


3- TON ANNEALING 
FURNACE. 
Cost of coal used 


| 
| Coal consumption per ton of 
castings 


HAND 
FIRING. 


BUELL 


P.F. FIRING. 


22/- per ton. 
20 


tons per week. 


35/- per ton. 


28 cwts. 


24/4 per ton. 


39 cwts. 


14/9 per ton. 


11 


tons per week. 


12/6 per ton 


16 cwts 


11/6 per ton 


29 cuts. 


Telephone : 


Metr 7751 


JAS. GRAY & SONS, Enamelling Engineers, 
5, VICTORIA STREET, LONDON, S.W.1. 


Telegrams : 
“ Grayasons, Sowest, 


London.” 


Sole Distributors of: 


ESCOL ENAMELS MEET 
EVERY REQUIREMENT. 


ESCOL ENAMELS 
ENABLE THE PRODUC- 
TION OF HIGHEST 
QUALITY WARE TO 
BE OBTAINED WITH A 


MINIMUM OF OXIDES 
AND OPACIFIERS. 


PORCELAIN ENAMELS 


FOR 


Telephone : 


VICTORIA 5794. 


ESCOL ENAMELS ARE 
GUARANTEED LEADLESS. 


CAST IRON AND SHEET METAL. 


If you are considering the enamelling of your product—If you are at present engaged in enamelling— 


BE OF ASSISTANCE TO YOU. 


WE CAN 


ESCOL ENAMELS ARE 
APPLIED DIRECT TO 
THE IRON, 
HIGH QUALITY FINISHES 
TO BE OBTAINED ON 
THE MOST ECONOMICAL 
BASIS. 


ENABLING 


Manufacturers : 


J. F. Stewart & Co., 


Ltd., Paisley Works, London, E.15. 
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COPPER. 

Three months se @ 
India .- 4610 0 
Wire bars .. << 
Ingot bars .. 3810 0 
H.C. wire rods 4210 0 
Off. av. cash, August -. 3 2 3), 


Do., 3 mths., August .. 36 6 
Do., Sttimnt., August .. 36 2 
Do., Electro, August .. 40 12 
Do., B.S., August -. 3910 
Do., wire bars, August.. 41 0 8; 


Solid drawn tubes 103d 
Brazed tubes = 104d. 
BRASS. 
Solid drawn tubes 94d. 
Brazed tubes 11jd. 
Rods, drawn 83d. 
Rods, extd. or rlld. 
Sheets to 10 w.g. 
Wire 73d. 
Rolled metal 
Yellow metal rods 4}d. 
Do. 4 x 4 Squares 5}d. 
Do. 4 x 3 Sheets 53d. 
TIN. 
Standard cash... . 21610 0 
Three months 21610 0 
English 217 0 0 
Bars. . 218 5 0 
Straits os 323 0 0 
Eastern .. 222 5 0 
Banca 222 0 
Off. av. cash, August 215 § 10'2 
Do., 3 mths., August 915 5 433 
Do., Sttlmt., August 215 5 1032 
SPELTER. 
Ordinary 16 16 3 
Remelted 165 0 
Hard 14 0 0 
Electro 99.9 = 5 0 
lish 710 0 
India 16 5 0 
Zinc ashes .. ® 
Off. aver., August. . - 03 
Aver. spot, August 1617 
LEAD. 
Soft foreign ppt. 1116 3 
mpire a 12 1 3 
English 13 5 
Off. average, August 12 6 43} 
Average spot, August 12 3 7;, 
ALUMINIUM. 
Ingots £100 to £105 
Wire 1/1 to 1/9 lb. 


Sheet and foil 1/2 to 2/9 Ib. 


ZINC SHEETS, &c. 


Zinc sheets, English +. 2516 0 
Do., V.M.ex whee. .. 25 5 0 
Rods 3010 0 
ANTIMONY. 
English 


37 10 Oto40 O 
Chinese, ex-whse. .. 2610 


QUICKSILVER. 
Quicksilver .. 815 Oto9 


FERRO-ALLOYS AND 
STEEL-MAKING METALS. 
Ferro-silicon— 


te 


25% 610 0 
45/50% 12 10 0 
15% 

Ferro-vanadium— 

35/50% .. 12/8 lb. Va. 


FOUNDRY TRADE JOURNAL. 
RAW MATERIALS—PRICE LIST. 


(Wednesday, September 20, 1933.) 


Ferro-molybdenum— 

70/75% carbon-free 

of Mo. 

Ferro-titanium— 

23/259 carbon-free 
Ferro-phosphorus, 20/25% 
lerro-tungsten— 

80/85% 2/— |b. 
Tungsten : metal powder— 

98/99% 2/3 Ib. 
Ferro-chrome— 


2/4% car. .. 2510 0O 
4/6% car. .. 2117 6 
6/8% car. .. 19 17 6 

0 


8/10% car. 
Ferro-chrome— 
Max. 2% car. °F .. 30 0 0 


18 15 


Max. 1% car. a 31 2 6 
Max. 0.70% car. .. 35 10 0 
70%, carbon- free .. 10d. lb. 


£225 to £230 
..£202 10 0 


Nickel—99.5/100% 
““F” nickel shot 


Ferro-cobalt, 98 a” 5/6 lb. 
Metallic chromium— 
96/98% 2/8 Ib. 


Ferro- manganese ( net)— 


76/80% loose 15 Oto£ll 5 O 
76/80% packed £11 15 Oto £12 5 
76/80% export (nom.) £915 0 


Metallic manganese— 
94/96% carbon-free Ib. 
Per ton unless otherwise stated. 


HIGH-SPEED TOOL STEEL. 


Finished bars, 14% tungsten 2s. Od. 
Finished bars, 18% tungsten 2s. 9d. 
Per lb. net, did buyers’ works. 

Extras— 
Rounds and squares, 3 in. 


and over 4d. lb. 
Rounds and squares, under 

4 in. to } in. 3d. Ib. 
Do., under } in. to in... 1/- 1b. 
Flats, in. } in. to under 

lin. x jin. Ib. 
Do., under X 1/-Ib. 
Bevels of re sizes 

and sections 6d. lb. 


Bars cut to length, 10% “extra. 


SCRAP. 

South Wales— a 
Heavy steel ne 2 8 0 
Bundled steel 

shrngs. .. 2 2 0 
Mixed = and 

steel 
Heavy castiron 2 5 Oto2 6 O 
Good machinery 2 6 Oto2 7 6 

Cleveland— 

Heavy steel 2 5 Oto2 6 O 
Steel turnings : Li 6 
Cast-iron borings .. 120 
Heavy forge a 210 0 
W.I. piling scrap .. @ 
Cast-iron scrap 2 0 Oto2 2 6 

Midlands— 

Light cast-iron scrap 20 0 
Heavy wrought iron 210 0 
Steel turnings, f.o.r. 1 6 0 
Scotland— 
Heavy steel 2 5 0 
Ordinary cast iron 
Cast-iron borings 113 6 
Wrought-iron piling 25 0 
Heavy machinery 216 0 
London—Merchants’ buying prices, 
delivered yard. 
Copper (clean) 29 0 0 
Brass -- 1910 0 
Lead (less usual draft) 1015 0 
Tea lead : 8 5 0 
Zinc 1010 0 
New aluminium cuttings. . 7200 
Braziery copper .. -- 26 0 0 
Gunmetal .. oa -- 26 0 0 
Hollow pewter . 135 0 0 
Shaped black pewter 100 0 0 


PIG-IRON. 
(f.0.t. unless otherwise stated.) 


N.E. Coast (d/d Tees-side area)— 
Foundry No.1... 65 /- 


Foundry No.3... 62/6 
at Falkirk 62/3 
at Glasgow 65/3 
Foundry No. 4 61/6 
Forge No. 4 61/6 
Hematite No. 1, fo. A. 59/6 
Hematite M/Nos., f.o.t. 59/- 
N.W. Coast— 
Hem. M/Nos. d/d Glas. .. 63/6 
» d/d Birm. .. 84/6 
Malleable iron d/d Birm. 115/- 
Midlands (d/d dist.)— 
Staffs No. 4 _ 62/- 
» No.3 fdry. . 66 /- 
Northants forge .. 58/6 
% fdry. No. 3 62/6 
i fdry. No. 1 65/6 
Derbyshire forge .. 62/- 
fdry. No. 3 66/- 
fdry. No. 1 69/- 
Scotland— 
Foundry No. 1 67/6 
No. 3 65/- 
Hem. M/ Nos. d/d . 66 /- 
Sheffield (d/d district )}— 
Derby forge 59/6 
»  fdry. No. 3 63/6 
Lincs forge. . 59/6 
fary. No.3. 63/6 
E.C. hematite 73/6 
W.C. hematite 83/6 
Lancashire (d/d eq. Man. ai 
Derby fdry. No. 3 é 67/- 
Staffs fdry. No. 3 . 67/- 
Northants fdry. No. 3 65/6 


Cleveland fdry. oe 67/- 
Dalzell, No. 3 (special) 102/6 to 105/- 


Glengarnock, No. 3 80/- 
Clyde, No. 3 80/- 

Monkland, No.3 .. 80/- 
Summerlee, No. 3 80/- 
Eglinton, No. 3 80/- 


Gartsherrie, No. 3 80/- 
Shotts, No. 3 80/- 


FINISHED IRON AND STEEL. 


Usual district deliveries for iron ; delivered 
consumer's station for steel. 
Iron— 


d 
Bars (cr.) - 9 O Oto 915 0 
Nut and bolt iron6 15 Oto 710 0 
Hoops -- 1010 Otol2 0 0 
Marked bars (Staffs) f.o.t. 12 0 0 
Gas strip 1010 Otol2 0 0 
Bolts and nuts, in. xX 4in. 13 5 0 

Steel— 

Plates, ship, etc. 815 Oto 817 6 
Boiler plts. .. - 8 O 
Chequer plts. 10 7 6 
Angles 8 7 6 
Tees 9 7 6 
Joists . 815 0 
Rounds and squares 3 in. 

to 54 in... 7s 
Rounds under 3 in. ‘to Ri in. 

(Untested) os 617 6& up. 
Flats—8 in. wide and over 8 12 6 
», under 8 in. and over 5in. 817 6 
Rails, heavy 8 5 Oto 810 0 
Fishplates .. 3 0 0 
Hoops (Staffs) ‘ 910 O& up. 
Black sheets, 24g. (4-t.lots) 10 0 0 
Galv. cor.shts. ( ,, ) 1210 0 
Galv. flatshts. ( ,, ) 13 0 0 
Galv. fencing wire, 8g. plain 14 0 0 
Billets, soft. . 5 Oto 512 6 
Billets, hard 612 6to 7 2 6 
Sheet bars .. 415 Oto 5 7 6 
Tin bars 41 0 
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PHOSPHOR BRONZE. 
Per Ib. basis, 


Sheet to 10 w. 134. 
Rods oe Ild. 
Castings .. 13d. 


Delivery 3 cwt. free. 
10% phos. cop. £30 above B.S. 
15% phos. cop. £35 above B.S. 
Phosphor tin (5%) £30 above 
price of English ingots. 
C. Cuirrorp & Son, 


NICKEL SILVER, &c. 


Per lb 

Ingots for raising 7d. to 1/1 
Rolled— 

To 9 in. wide 1/1 to1/7 

To 12 in. wide 1/1} to 1/7} 

To 15 in. wide 1/1} to 1/74 

To 18 in. wide 1/2 to1/8 

To 21 in. wide - 1/2} to 1/84 

To 25 in. wide 1/3 to 1/9 
Ingots for spoons and forks 7d. to 1 /34 
Ingots rolled to spoon size 10d. to 1/64 


Wire round— 
to 10g. 1/4} to 1/11} 
with extras according to gauge. 
Special 5ths quality turning rods in 
straight lengths, 1/3$ upwards. 
AMERICAN IRON AND STEEL. 
At Pittsburgh unless otherwise stated. 
Dols 


No. 2 foundry, Phila. : 
No. 2 foundry, Valley .. << oho 
No. 2 foundry, Birm. .. <« Secue 


Basic 18.89 
Bessemer .. 19.89 
Malleable . . 19.39 
Grey forge 19.39 
Ferro- -mang. 80%, seaboard 82.00 
O.-h. rails, h’y, at mill 40.00 
Billets as 26.00 
Sheet bars 26.00 
Wire rods 35.00 

Cents. 
Tron bars, Phila. . . 86 
Steel bars is 60 
Tank plates 60 
Beams, etc. 60 
Skelp, grooved steel 60 
Steel hoops 75 


Sheets, black, No. : 24 


Sheets, galv., No. 24 85 
Wire nails te 10 
Plain wire 10 


Barbed wire, galv. 
Tinplates, 100-lb. box 
COKE (at ovens). 
Welsh foundry . 20/- to 22/6 
»» furnace . 15/-to 15/6 
Durham and Northumberland— 
foundry. 21/- to 


furnace . 13/6 
TINPLATES. 
f.o.b. Bristol Channel ports. 
I.C. cokes 20 14 per box 16/9 to 
28x20 33/6 to 34 - 
20x10 23/10 to 24,4 
» 18x14 ,, 17/4$ to 17,9 
CW. , 15/6 tol6- 
28 x 20 32/3 
20x10, 22/9 
1sgx14_,, 16/6 
SWEDISH CHARCOAL IRON & STEEL. 
Pig-iron £6 0 Oto £7 0 0 
Bars-hammered, 
basis .. £16 0 Oto£l6 10 0 
Bars and nail- 
rods, rolled, 
basis -. £1515 Oto£l6 O 0 
Blooms £10 0 Oto£l2 0 0 
Keg steel £30 0 Oto£31 0 0 
Faggot steel £18 0 Oto £23 0 0 
Bars and rods 
dead soft, st’1£10 0 Oto£l2 0 


All per English ton, f.o.b. Gothenburg. 
[Subject to an exchange basis of 
Kr. 18.16 to £1.] 
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DAILY FLUCTUATIONS. Standard Tin (cash). Spelter (ordinary). Zine Sheets (English). 
Standard Copper (cash). 4 4 
Sept. 14 33 13. inc. 3/9 Sept. 10 0 inc 10 - Sept 14 17 0 0 inc. 3/9 Sept. 25 15 0 No change 
15 35 8 9 dec 5/- .« « 25/- 15 .. 1617 6 dec. 2/6 15 — 
363. 36 » .. 21712 Gdec. 2/6 » I8 .. 1618 Dine. 1/3 » , 
19 3415 0. 11/3 19 ..216 5 0, 276 » 19 .. 1616 3 dec. 2/6 2515 0 ,, 
asis, 20 34113. 39 20 21610 Oine. » 20 .. 1616 3 No change 2515 0 ,, 
Id, Q Electrolytic Copper. Tin (English ingots). Spelter (Electro, 99.9 per cent.). Lead (English). 
if 7 Sept. 14 38 12. 6 ine. 2/6 Sept. 14 .. 217 5 Ojine. 15/- Sept. 14 19 5 O ine. 26 Sept. 14 - 13 5 O No change 
sad 15 3815 0 ,, 2/6 586, .. 19 5 ONo change wo. Bes 
18 38 10 0 dec 5- 18 .. 218 5 O No change « 
19 38 0 0 10 - » 19 .. 21615 dee. 30- » » 19 350, 
20 37 O 15/- 20 217 +O O inc. - 20 20 
Imports and Exports of Iron and Steel Castings, etc., in August and the eight months 1933, compared with August and the eight months 1932. 
{ Eight | Eight Eight Eight 
t, | months, months, t, — months, months, 
| | 1932. 1933. 1932. 1933. 
Imports. Tons. Tons. | Tons. Tons. £ £ £ £ 
Pipes and Fittings, Cast 107 78 1,957 804 2,361 2,516 34,595 18,049 
| Castings, in the Rough, Iron.. ° ° ee es 5 2 | 536 47 | 149 64 9,625 1,782 
81 41 1,289 437 1,806 | 909 25,201 7,407 
Hollow-ware, Cast, not Enamelled .. 7 13 22 31 449 501 1,687 1,934 
»  Enamelled 70 12 141 59 | 1,720 911 4,048 3,751 
4 Exports. | 
1/3 CasTiIncs— 
1) 4 To Argentine Republic ‘ik ea 7 wai 17 — | 262 76 411 | 45 9,390 3,384 
186 363 | ,612 2,391 10,116 15,232 118,009 100,608 
» British South Africa .. 120 239 | 1,019 1,373 4,011 | 9,365 36,256 56,879 
» India oe 24 60 | 554 684 863 2,102 19,073 23,102 
New Zealand ° 36 28 | 224 192 2,534 2,562 11,785 10,855 
Total (including other countries) .. is 627 1,035 7,285 7,699 28,220 44,976 304,296 ~~ 317,587 
2 To Argentine Republic — 103 | 1,303 | 1,047 44 | 1,170 13,973 11,657 
ed. » Irish Free State .. 302 585 | 4,744 4,166 4,660 8,682 65,982 53,528 
o » British South Africa oa 51 514 2,782 6,275 1,016 5,235 34,693 55,368 
3.34 24 30 | 733 766 391 787 12,487 12,395 
» Malaya .. ee oe 90 211 1,587 469 1,404 1,676 16,977 4,732 
$ Total (including other countries) .. a6 4,178 7,233 | 45,029 51,968 40,780 71,747 463,374 497,134 
| HoLttow-warE— | 
».39 Cast, not Enamelled, and Cast, Tinned .. = ‘ih 175 311 | 1,589 2,179 5,815 8,888 56,227 68,183 
39 Ved. 81 62 | 558 494 | 6,176 5,158 46,733 39,086 
Castincs, in the rough— 
Iron 46 86 683 675 | 1,863 3,195 25,600 23,948 
Steel 85 130 | 559 696 | 2,789 5,263 23,393 26,359 
3.00 
5.00 
nts. 
| 86 
L.60 
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1.60 
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SMALL ADVERTISEMENTS. 


Notice. 

Sraall Advertisements in this section of the 
Journal are accepted at the prepaid rate 
of 6d. per line, first line in capitals 
counting two, average 6 words per line. 
Minimum charge for one insertion 3/- 


(A remittance should ac pany instructions.) 


SITUATIONS VACANT AND WANTED. 


BEASS Foundry Foreman seeks engagement ; 
‘ last situation i4 years; considerable ex- 
perience in Government contracts; phosphor- 
bronze and manganese castings.—Box 496, 
Offices of THE Founpry TraDE JOURNAL, 49, 
Wellington Street, Strand, London, W.C.2. 


VOUNDRY Engineer-Representative, practi- 
cal foundryman, expert modern mass-pro- 
duction, American and Canadian 
tackle any type of job, anywhere.—Box 506, 
Offices of THE Founpry Trape JourNnaL, 49. 
Wellington Street, Strand, London, W.C.2. 


experience, 


NOUNDRY Engineer’s Representative will 
shortly become disengaged; _ practical 
foundryman, expert modern mass-production 
foundry plant; 32 years of age, single; tackle 
any type of job, anywhere.—Box 498, Offices 
of THe Founpry Trape JourNnar, 49, Welling- 
ton Street, Strand, London, W.C.2. 
QUIRED by new producers, Salesman 


E 

R with first-class connection iron and_ steel 
founders Western and Southern Counties, 
London areas; ex-foundry manager preferred. 
Good agency, high-class refractories and mould- 
ing sands.—Reply, Box 504, Offices of THE 
Founpry Trapde Journar, 49, Wellington 
Street. Strand, London, W.C.2. 


NGINEER'S GUIDE TO SUCCESS (144 

pages FREE), for well-paid posts and pro- 
fessional qualifications such as A.M. Inst.C.E., 
A.M.I.Mech.E., A.M.I.E.E., etc. Contains 
world’s widest selection of home study courses 
in engineering.—Write, stating branch, post or 
qualification that interests you, to THe TECHNo- 
LocicaL InstiruTe, 151, Temple Bar House, 
London, E.C.4. Hundreds of posts notified to 
T.1.G.B. students every year. 


EMPLOYMENT REGISTER. 
Conducted by the Institute of British Foundry- 
men by courtesy of the proprietors of THE 

Founpry JOURNAL. 


Correspondence should be addressed to the 
General Secretary, Institute of British Foundry- 
men, St. John Street Chambers, Deansgate, 
Manchester, from whom full particulars can be 
obtained of this service. 

Any employer wishing to communicate with 
a candidate should write to the General Secretary, 
‘quoting identification number. 


NOUNDRY Foreman desires re-engagement. 
Has had experience in similar capacity 
with well-known firms on light and heavy cast- 
ings up to 20 tons, general engineering, cupola 
practice and machine moulding. Good metal- 
lurgical experience. (225) 


WOREMAN Patternmaker requires position. 

Experience includes marine turbines, pro- 
pellers, pumps, mass-production methods and 
general jobbing. Good technical training. (226) 


OSITION required as 

or Foreman. Wide experience in Diesel, 
turbine, marine engines, pumps, hydraulic, 
machine tools, chemical plant. Modern cupola 
methods. Excellent testimonials. (227) 


Foundry Manager 


DOSITION required as Foreman, Assistant 
Foreman or Assistant to Foundry Manager 

by young Moulder with sound practical experi- 
ence, including ferrous and non-ferrous found- 
ing. Secondary-school education. Good tech- 
nical qualifications. Willing to go abroad. (228) 


PROPERTY. 


MACHINERY—Continued. 


MAGNIFICENT 


11 ACRES WORKS SITE. 
SHEFFIELD. 
145,000 Sq. Ft. of Shops. 
SIDING CONNECTIONS 
with L.M. & S. and L. & N.E&. Rlys. 
WELL-BUILT & COMMODIOUS OFFICES 


Will Sell whole or in lots to suit customers 
or Let on favourable terms. Unique oppor- 
tunity for Manufacturers. 


Apply— 
THOS: W. WARD, LTD., 
ALBION WORKS, SHEFFIELD. 


MACHINERY. 


rok Sale, Denison Foundry Testing Machine 
for tensile and transverse tests. In per- 

fect condition. £27 10s.—T. C. Howpen & 

Company, 7, Fleet Street. Birmingham. 


FOR SALE IN GOOD CONDITION :— 

Two Power Jar Ram Rollover Pattern Draw 
Moulding Machines, each 3 tons capacity. 

Two Ditto, each 30 cwts. capacity. 

Three Tabor Jar Ram Rollover Pattern Draw 
Moulding Machines, each 6 ewts. capacity. 

One Tabor Split Pattern Moulding Machine. 

One Tabor 10-in. Squeezer, 3-in. dia. Jar, Roll- 
over Pattern Draw Moulding Machine, for 
boxes up to 13 in. x 20 in., 10 in. Straight 
Draw. 

One Macdonald Jar Ram Rollover Machine. 

One Tabor Small Jarring Machine. 

One Mumford Jarring Machine, capacity ap- 
prox. 1.500 lbs. 

One Hand Ram Trunnion Rollover Machine to 
take boxes up to approx. 2 ft. square. 
Selection from the largest stock of secondhand 

Monlding Machines available. 
Sand Mills and Sand Mixers. 

Machines can be viewed by arrange- 
ment; no dealers need apply.—Reply, Box 492, 
Offices of THe Founpry TrapE JournaL, 49, 
Wellington Street, Strand, London, W.C.2. 


SANDBLAST PLANTS > 


Room, Rotary Barrel and Cabinet Types com- 
plete; 12 in stock. 


SAND PLANT 


Mills, 6-ft., 5-ft. and 4-ft. 


Sand 
Pans. 

Rotoil ‘‘ Senior ’’ Oil Core Sand Mixer. 

Pneulec Sand Drying Plant, output 1 ton 
per hour. 

Brearley Type Disintegrators. 


MOULDING MACHINES 


Hand and Pneumatic Types. 


6-in. dia. 


Also 
Six Rowlands Double-ended Grinders for 
24-in. dia. x 2-in. wheels. 


Electrical and Belt-driven Blowers and Ex- 
haust Fans, Ladles, etc.. ete. 


AIR COMPRESSORS 


Say all sizes for high and low pressures. 


S.C. BILSBY, A.M.1.¢.£., A.M.LE.E. 


CROSSWELLS ROAD (Adjoining Railway 
Crossing), LANGLEY, Nr. Birmingham. 
*Phone: Broadwell 1359. 


THOS: W. WARD, LTD. 

LATHES, Capstan, 10$”, 9”, 8”. 7”, 
6” and 5” centres. 

GENERATING SET. 
Generator 110v., 750 revs. 

HACK SAWING MACHINES. 
3” to 12”, square and round. 

Several Iron Pitched ROOF PRINCIPALS. 
about 17’ span x 4’ 10” rise. 

6 Self-supporting MILD-STEEL 
NEYS, 150’ high x 6’ 6” dia. 

Write for ‘‘ Albion”’ Catalogue. 

*Grams : ‘‘ Forward.’’ ’Phone : 23001 (10 lines). 


ALBION WORKS, SHEFFIELD 


20-kw.. Petrol-dr. 


caps. from 


CHIM- 


JFrOUNDRY Transverse Bar-Testing Machine 

by Avery, for 2-in. x l-in. Bars, 1 to 3 ft. 
long, calibrated up to 40 cwts., with deflection 
scale; in good working order. Price £30 or 


nearest offer.—Hanrtiey, Sons & Company, 
Engineers, Etruria. 

MISCELLANEOUS. 
SOUNDRY PLUMBAGO.—We recommend 


our ‘“‘ STANDARD No. 1 ’’—high grade— 
guaranteed pure, 18s. cwt. carr. paid, which 
always gives satisfaction.—WILLIAM OLSEN, 
Limitep, Cogan Street, Hull. 


"Phone: 287 SLOUGH 


HAND MOULDING MACHINES 


Six Standard “* Adaptables ”” £12 each 
24” x 30” Darling & Sellars turnover £15 
Two 18” 16” Coventry HEADRAM 


squeezers £18 each 


PNEUMATIC MACHINES 


£55 
£68 
£40 


24” x 18” Tabor rollover, portabie 
30” x 20” Macdonald jolt rollover... 
20” x 16” Macdonald jolt rollover... 
Britannia No. 0, | and 2 jolters ... 
No. 20 Macdonald plain jolter with 
90” x90” table, jolts 8 tons 
AIR COMPRESSORS 
ALL SIZES IN STOCK. 


Every Machine overhauled and retested. 


BUY FROM ME AND SAVE MONEY! 
Foundry Machinery 


Avex. HAMMOND, ry 


£160 


14, AUSTRALIA ROAD, SLOUGH 


FOR SCOTTISH IRONFOUNDERS. 


FOUNDRY COKE 
SPLINT COAL 
SMITHY COAL 

also 


Hard Firewood for Kindling Purposes 
(in cut lengths 2’ to 3’) for Furnaces. 


FOR QUOTATIONS— 
JOHN KNOX & Co., 
Pinkston, Port Dundas, GLASGOW, C.4. 


3—4 of 


COLBOND 


added to weakly bonded floor 
sand will double its bond 
strength at a trifling cost. 


You need 507 less moisture. 


A sample cwt. will prove it. 


Particulars from: 
COLBOND, 
24, Martin Lane, Cannon St., London, E.C.4. 
Telephone: Sloane 4862. 
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